INPOI'PAMMA BCTYIIUTEJBHOI'O UCIIBITAHUSA
MO KOHKYPCHOM T'PYIIIE «JI®OU PU3NYECKHUE HAYKW»
JJIA MIOCTYHAIOIIUX B ACIIMPAHTYPY

Ha BcrynuTensHOM HcOBbITaHUU OYIOyT 3aaHbl BOIPOCHI 10 BBITYCKHON KBaJIM(HKALMOHHONW padoTe
U BOIIPOCHI U3 pa3jelia, COOTBETCTBYIOIIETO HAlPaBICHUIO Oyaylleld Hay4HO-UCCIIeA0BaTEIbCKON
JeATEIbHOCTH MOCTYIaIOLIETO.

Bonpocsl mo BeIMycKHOH KBATH(GHKANMOHHONI padoTe (MarmcTrparypa MM CHelHATUTET)
1. OcHOBHBIE MOJIOKEHHUS.

2. HoBusna.

3.  AKTyanbHOCTb.

PA3JEJ «(IIVTAHETHBIE UCCJIEJOBAHUS»

1. DnemeHTH (U3UKHU IUIAHETHBIX aTMOChep

1.1. BepruxanpHas cTpyKTypa miaHeTHbIX atMocdep. Tpomocdepa, crparocdepa, mezocdepa,
tepMmocepa. I'omochepa u rerepocepa. Dx3ochepa. CpaBHUTESIBHBIN aHAIN3 CTPOCHUS
armocdep Benepsr, 3emnu, Mapca u FOnurepa.

1.2. OOmas uHpKyJISIUA IUIAaHETHBIX aTtMocdep. YpaBHEHHS THAPOAWHAMHUKH Ha
Bpamaromieics chepe. JBa pexuma obmel mupKyanuu. SAdeiikn Xs1mu U cTpyitHbIe
TeyeHusl. Tepmuueckuil Berep. llnaHerapHslii norpaHudHbii cinoil. Ilonstue o
THAPOAMHAMHYECKUX MOJEIISIX MIJIaHETHBIX aTMocdep.

1.3. Bounnbl B aTtMocdepe miaHeThl. bapoTpornHble u OapoKIMHHBIE MOABL. BHyTpeHHUE
IPaBUTALMOHHBIC BOJHBI. | paBUTALlMOHHBIE U TepMUUecKue npwinBel. Bomausl Poccou.

1.4, TypOynentHoe nBmxkeHue B atMocdepax. Konmmoroposckmii ciextp. KoHBeKTHBHAs 1
CIBHUTOBasi HEYCTOMUHBOCTh. Uncno Puuapacona. TypOylneHTHBIN MOTpaHUYHBINA CIOM.
TypOynentHble K03¢dHUIHeHTH 0OOMEHa.

1.5. Cnekrpockomnusi aTMocepHbIX ra3oB. OCHOBHBIE 3aKOHOMEPHOCTH BpallaTelbHBIX,
KoJIe0aTeNbHO-BPAIaTENIbHBIX M AJIEKTPOHHBIX CIEKTPOB MOJEKylI. CHEeKTPOCKONUYeCKHe
0a3pl naHHbIX. [Ipoueccsl U3TydYeHHs U MOTJIOMIECHMSI, MEXaHU3Mbl YIIUPEHUS JTUHUU B
aTMocdepax ianeT. JlokaapHOE TEPMOJAMHAMHYECKOE PaBHOBECHE.

1.6. Aosponomus. XuMHYECKHE IIpOLECCHl B IUIAHETHBIX aTtMocdepax. [uccommamus.
Wonnzanus. CtpoeHre BepxHUX atMocgep rianet. MoHocheps.

1.7. Abspo3zonbHas cpelia B IulaHeTHBIX atMocdepax. Obnaka, adpo30JibHas JILIMKA, UX THIIHI,
npoueccsl 00pazoBanus. MUKpo(pHU3NUECKHUE TPOLECCHI.

2. CnexTpopaIuoMETpUYECKUE METObl UCCICAOBAHMS IIaHET

2.1. Tlepenoc uznyuenus B nTuHUU. KpuBbie pocta. IcTHHHOE MOTIIONIEHUE U pacCessHUE Ha
pa3NUYHBIX ypPOBHAX arMoceprl. DOpPMHUPOBAaHHS CIEKTpa YXOISALIEIO TEMJIOBOTO
W3JIyYEeHUS TUTAHETHI.

2.2. Onruueckue cBoiicTBa 001aKkoB U asposoneir. Teopus Mu.

2.3. TlpuGopsl mjiss AMCTAHIMOHHOTO 30HIMPOBAHHUS IUIAHET B ONTHYSCKOM JHalia3oHe
criektpa. [Ipuemuuku usnydenus Y@, sugumoro u MK auamnazonos. JudpakiuoHHbie
cnekTpoMeTpbl. Dypbe-creKTpoMeTpbl. AKycToOoNnTHYECKass (UIBTPAIUS H3TyYCHUS.
Kaptupyromme crnektpomerpsl. CHEKTPOCKONHUSI  BBICOKOTO — Pa3pelieHHs] IS
WCCIIE/OBaHUS TUJIaHET: JIesuie-clieKTpoMeTprl, uHTepdepomerpsl Dadpu-Ilepo,
reTepOAUHHBIE CTIEKTPOMETPHL.

3.  OObextbl CONMHEYHOH CHCTEMBI

3.1. Mepkypuii. OpOuTanpHbie XapakTepucTHKU. [I0HsATHE O TJIAaHETHOW PaJnOIOKaIUH, ee
ponb B uccienoBanun Mepkypus. [loBepxHOCTE MepKypHsi, OCHOBHBIE OCOOCHHOCTH €€
ctpoenusa. Kocmuueckue sxcneaunuu Mapunep-10, Meccenaxep.

3.2. Benepa. [loBepxnoctb. CocTaB W BepTHKaIbHOE cTpoeHHe aTtMocdepbl. OCHOBHbBIC
XapaKTEPUCTHKU 00JIaYHOTO cios. TenjaoBoil pexxuM HuKHed atMocdepsl. Jnnamuka
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3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

3.11.
3.12.

atmocdepsl. Pamgnounsnyuenue. Bepxuss atmocdepa. [Ipobnema sBomronuu KiuMmara.
Kocmmueckue skcrienuiiny k Benepe ot Benepsr 4 1o «Benepbi-Okcmpecey.

3emns kak miuaHera. llonstue o TekroHuke. Lupkymnsiuus atMochepbl M OKeaHa.
I'mnpocdepa n 6mochepa. MIx BausHHE Ha XapaKTEPHUCTHKH aTtMoc(ephl W KiIuMara.
[MapuukoBsiii 3¢ dekT. [Ipobrema cTaOUIBHOCTH KIHMaTa.

Jlyna. Ctpoenue u 3BoOLUS TOBEPXHOCTH. [ umote3sl poucxoxkaeHus Jlynsl. [Ipodnema
neryuux. OTkpsiTHEe BoAsiHOTO Jbaa Ha Jlyne. UccnenoBanme JlyHw, mporpamma
«ATO0JII0%», COBpEMEHHBIE HccienoBanus kocmuueckumu anmnapatamu (LRO, Yannpasiy,
Jlyna-Pecypc).

Mapc. Penbed, moBepxXHOCTh, MOJIETTH BHyTpeHHETO cTpoeHns. CoctaB aTMocepsl, ee
BEPTUKAJIBLHOE CTPOCHUE U JUHAMUKA. ATMOC(EPHBIN a3p030Jib, 00JaKa, MbIIEBBIE OypH.
[Ipobnema naneoxnaumata. MccnenoBanne Mapca mpu MOMOIIM KOCMAYECKUX allapaToB.

IOnurep. CoctaB m crpykrypa armocdepsl. [lpupoma obmagnoro crios. PazoBoe
cocrosHue Henp. JumHammka armocdepsl, mosica ¥ 30HBL. CTOJIKHOBEHHE KOMETHI
[Towmetikepa-JleBu ¢ FOmuTepom. Marautochepa. Muccuu «Bosmxep», «I anuieoy.
lanuneesbl cnytHuku FOnurepa: Mo, EBpomna, Nanumen m Kammucrto. VX opOuThI,
MMOBEPXHOCTh, aTMOC(EPBI, MOJIEIH BHYTPEHHErO CTPOEHUs. DK30C(hephl TaIUIeeBbIX
ciyTHUKOB FOnuTepa.

CarypH. Moaenu BHyTpeHHero cTpoeruns. OcoOeHHoCTH nTuHAaMHUKH atMochepsr. Cructema
KoJienl ¥ cimyTHUKOB CaTtypHa. Muccun «Bosimxep» n «Kaccunmy.

Cnytauku CarypHa. Tutan: cocTaB, BEpTHKaJIbHasl CTPYKTYpa U JUHAMUKA aTMOC(HEpHI.
Abspo3zonbHas KoMmoHeHTa atMochepsl Turana. [lorsTre 00 yriaeBogOPOIHOM HHKIIE.
Muccuss  «[roiireHc». DHuenana: opOuTa, MOBEPXHOCTh, BHYTPEHHEE CTPOCHHE,
KPHOBYJIKAaHHU3M.

VYpan u Hentyn. OcoGeHHOCTH TEIIOBOTO Oananca, AMHAMUKA aTMOc(ep, BHYTPEHHETO
cTpoeHus. MaruutHble oysi. CUCTEMBI KOJIEL U CIyTHUKOB. Muccust «Bosmxepy.
Maunbie ianetsl. ['naBHbIM nosic. JIBmkeHue, Touku Jlarpanyxka, pe30HaHCHI.

Kowmertsl, ux knaccudukanusi. CoBpeMeHHbIE MpeACTaBiIeHUs O sapax komeT. O0iIako
Opra. KoiinepoBckuit mosic. Cucrema Ilmyton-Xapon. UWccnenoBaHusi Komer
KOCMHUYECKMMHU anmnaparamu. Muccum «Bera», «Jlxorto», «Po3eTtar.

4. BHecoJHEYHBIE MIAHETHBIE CUCTEMBI

4.1. CoBpeMeHHbIE ITpeACcTaBiIeHUs 0 GOPMUPOBAHUM U paHHEH 3Bomtonuu CoNHEYHON
CHUCTEMbI. XapaKTEePUCTUKH 3B€3]l, 00Iaa0IINX TIAHETHBIMUA CUCTEMaMH.
4.2. BHeCOJIHEUHBIC IUIAHETHBIE CHUCTeMBbI. MeToabl OOHApPYXEHUS W  TUIUYHBIC
XapaKTEPUCTHKH BHECOIHEUHBIX TUIaHeT. Mojenn aTMocdep IK30TUTaHET.
4.3. Tlonstne oburaemoii 30Hb1. [lonck BHECONHEUHBIX IUIAHET 3€MHOT'O THIIA.
Jlutepatypa

1. Baxynus I[1.U. u np. Kypc o6uieit actpornomun. M., «Hayka», 1983 (5-¢ u3a.), M. «Dautopuan
YPCC», 2001 (6-¢ u3n) (rin. 7 u 9).
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Ban e Xroacr I'. Paccesnue cBera MmaneiMu yactumamu. M., MJI, 1961,

ButsizeB A.B., [Teuepuukos I'.B., Cadponos B.C., [Tnanetst 3emHoii rpymmsl, M., Hayka, 1990.
I'epudepr I'. CriekTphl ¥ CTpPOEHHE ABYXaTOMHBIX MoKy, M., MJI, 1949 (rn. 1 - 4).

Tlomuuea I'.C. Benenue B nuHaMuKy miiaHeTHbIX atMocdep. JI., Tuapomereonsnar, 1973.
I'opekasenit H.H., ®puaman A.M. ®usnka mianeTHsx konen. M., Hayka, 1994

I'ymu P. Atmocdepnas pamgmanms. M., Mup, 1966.

I'ymu P., Ik Yokep. Atmocdepst. M., Mup, 1975.

XKapkos B.H. BHyTpeHHee crtpoenne 3emin u mnanet. M., Mup, 1978.

’Kapxos B.H. u Mopo3 B.U. ITouemy Mapc? IIpuponaa, Ne 6, 58-67, 2000

Hnatos C.U. Murpanus HeOecHbIx Ten B CosiHeuHo cucteme. M., «Dnuropuan YPCCy, 2000

(rm. 1).
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Kocmonastuka, Ouuuknoneaus. [loxg pea. B.II. I'mymko. M., Hayka, 1978, «CoBerckas

SHIMKIIOnE vy, 1985.



13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

24.

25.
26.

217.

Kpacnononbsckuit B.A. @oroxumus atmocdep Mapca u Benepsl. M., Hayxka, 1982.
Mopo3 B.1. ®usuka mnaner. M., Hayka, 1967 (rn. 1 u paznen 4.3).

Miroppeti K., lepmort C. Jlunamuka Conneunolt cucremsl, Mocksa, ®usmariur, 2009.
Cobones B.B. Ilepenoc usnyuenus B atmocepax 3Be3a u mianer. M., ['TTH, 1956.
Co06oneB B.B. Paccesinue cBeta B atMmocepax minanet. M., Hayka, 1972.

Cob6oneB B.B. Kypc Teopernueckoit actpodusuku. M., Hayka, 1975.

Trepckoii [1.H. Kypc mereoponoruu (pusuka armochepsr), JI., ['unpomereonsnar, 1962.
Yembepnien [Ix. Teopust mnanetHsix atmocgep. M., Mup, 1981.

®duszuka kocmoca. Manenskas >Huukionenus. Ilog pea. P.A. CionsieBa, M., «CoBeTckas
SHIMKIIONEnus», 1986.

JleBanronckuii B.K. Mexanuka kocmudeckoro monera. M., Mup, 1975.

Encyclopedia of the Solar system (second edition), edited by McFadden L.-A., Weissman P.R.,
Johnson T.V., Elsevier, 966, 2007.

Irwin P. Giant planets of our Solar system. Atmospheres, composition and structure. Springer,
403c., 2009 (2006 — first edition).

Imke de Pater, Jack J. Lissauer, Planetary sciences, Cambridge University press, 528 c., 2004
Sanchez-Lavega A., An Introduction to Planetary Atmospheres, CRC press: Taylor & Francis,
629 c., 2010.

Taylor F.W. Planetary atmospheres Oxford University Press, 261 c., 2010

JlonoiHMTe/IbHAS JINTepaTypa

1.

ak~owd

o

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

27.

Anekcannpos FO.B. Beenenue B ¢pusuky mianet. Kues, Bura mkomna, 1982.

Bapcykos B.JI. (pen) [1nanera Benepa. M., Hayka, 1989.

Bospuyk A.A. (pen) Yrposa c Heba: pok mwiu ciydaitnocts? M., Kocmonnadopm, 1999.

I'ynu P. Atmocdepnas paguanus. M., Mup, 1966.

Hevimenmxan /I PaccesHne  DIEKTPOMArHUTHOIO  H3JIy4YEHHUS chepruiecKuMu
MOJUIUCIICPCHBIMY YacTuiiamu. M., Mup, 1971.

EnpsmmeBny M.A. ATomHas u MonekyJisipHas cnekrpockonus. M., Hayka,1962; M., Dauropuan
YPCC, 2001 (2-¢ u3n.).

Kapxos B.H. u Tpyouumn B.Il. ®usnka nnanetnsix Heap. M., Hayka,1980.

Kocmoxumus Jlyns! u mianer. M., Hayka, 1975.

Kpacnononbsckuit B.A. ®uzuka cseuenns: atmMocdep mianeT U komer. M., Hayka, 1987.
Kcandomanuru JI.B. [lnanera Benepa. M., Hayka, 1985.

. Kcandpomanutu JI.B. Ilapan mmaner. M., Hayka, 1997.

Kcandomanutu JI.B. Llennsiii qap HebecHoit mexanuku. «BcenenHas u Moy, 2001, Ne 4, cTp.
14.JIyna. C6. mog pex. I'. FOpuu. M., Hayka, 1985.

Mapounuk JT.C. Ceunanue ¢ kometord. M., Hayka, 1985.

Mapos M.{1. [Tnanersr ConneuHoli cucremsl. M., Hayka, 1986.

Monun A.C. u lumxkos FO.A. Uctopus ximmara. JI., ['mnpomereonsnar,1979.

Mopo3 B.W. ®uszuka miranetst Mapc. M., Hayka, 1978.

[Mnanets! u cnytauku. CO. mox pen. Jx. Koiinepa u b. Mumixepcra, M., Mup, 1963.
[Iporo3sesanl u wianetsl. CO. o pex. T. [epenca. M., Mup, 1982.

Cumonenko A.H. Acrepounsl. M., Hayka, 1985.

Conneunast cucrema. [lep. mon pen. B.1. Mopo3za. M., Mup, 1978.

Cypkos F0.A. KocMuueckue uccienoBanus iaHeT U ciiyTHUKOB. M., Hayka, 1985.

[aponos B.B. Tlpupona mnaner. M., ®uszmarrus, 1958.

yneman JLM. Anpa komer. M., Hayka, 1978.

IOnurep. C6. nox pen. T. I'epenca. M., Mup, 1978.

Yannpacekap C., [lepeHoc nyuuctoit snepruu. M., UJI, 1953.

Bougher, S.W., D.M. Hunten, and Phillips, R.J., Venus Il, The University of Arizona Press,
Tucson, Arizona, 1997.

Coustenis A., Taylor, F.W., Exploring an Earthlike World TITAN. 2 Ed, Series on Atmospheric,
Oceanic and Planetary Physics, World Scientific, 393 c., 2008.
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28.
29.

30.

3L

32.

33.

34.
35.

Houghton J., The physics of atmosphere (3 Ed.), Cambridge University press, 320 c., 2005.
Hunten D.M., L. Colin, T.M. Donahue, and V.I. Moroz, EDS. Venus, The University of Arizona
Press, Tucson, Arizona, 1983.

Jacobson M.Z. Fundamentals of atmospheric modeling, CAMBRIDGE UNIVERSITY PRESS,
813 c, 2005.

Jupiter. The planet, satellites and magnetosphere, Edited by F. Bagenal, T.Dowling,
W.McKinnon, CAMBRIDGE UNIVERSITY PRESS, 719 c, 2006.

Kieffer H.H., Jakosky, B.M., Snyder C.W. and Matthews M.S., eds. 1992, Mars (Tucson and
London, The University of Arizona Press).

Lewis J.S. Physics and chemistry of the Solar System. International Geophysics Series, v.87.
Elsevier, 2004. 655p.

McBride N., Gilmour 1., An introduction to the solar system, Cambridge Univ pr, 412 c., 2004.
Rodgers C.D. Inverse methods for atmospheric sounding. Theory and practice. World scientific,
240 c., 2000.

PA3JIEJ «TEOPETUYECKAS ®U3UKA»

1.

2.

MexaHuka

1.1. YpaBHenust neuxenus. OO00IIEHHBIE KOOPAUHATHI, MPUHIIUI HAUMEHBIIECTO JCHCTBHUS,
¢byukua Jlarpamxa. Cummerpun. Teopema Hetep. 3akoHBI coXpaHEHHUs DHEPTUH,
HMMIIyJIbCa, MOMEHTa UMITYJIbCa.

1.2. VnrerpupoBanue ypaBHeHH ABrokeHHs. OHOMEpPHOE IBHKCHHUE, IPUBEICHHAs Macca,
JBH>KEHUE B LICHTPAJIILHOM TIOJIE.

1.3. Pacmag wyacTui, ymnpyrue croikHoBeHHs. CedueHHMe pacCessHHs 4YacTull, (opmyia
Pesepdopna.

1.4. Manbie konebGanusi. CBOOOIHBIE H  BBIHY)KICHHBIE OIHOMEpHBIC KojeOaHUS,
rnapameTpuieckuii pe3onanc. KosjebaHus CHCTEM CO MHOTMMH CTEICHSMH CBOOOJIBI,
nossipHble KoopauHatel. KoneOaHus npu HAIMYUU TPEHUS.

1.5. /IBmxxeHne TBEpIbIX Tel. YTIIOBask CKOPOCTh, MOMEHT MHEPIMHM U MOMEHT KOJUYECTBa
JBM)KEHUS TBEPABIX TeJl. DIIEepoBHI YIIBI U ypaBHEHUE Dilnepa.

1.6. Kanonuueckue ypaBHEHUs, ypaBHeHHe ['amuibroHa, ckoOKku IlyaccoHa, AeiicTBHE Kak
¢dbyHKIMS KoopanHaT, Teopema JInyBuiLis, ypaBHeHue. ['amunbToHa—SKOOU, pa3jeneHue
MIEPEMEHHBIX.

1.7. IpuHuun otHocuteabHOCTH. CKOPOCTh pacHpoCTpaHeHus: B3auMojeiicTBuil. MHTepBa.
Cob6ctBenHoe Bpems. IIpeoOpazoBanme Jlopenna. IIpeoOpasoBaHue CKOpPOCTH.
YeTrblpeXMEpPHBIE BEKTOPBI. YeThIpeXMEpPHAsi CKOPOCTb.

1.8. PensiTuBUCTCKAsT MeXaHHWKA. [IPUHIIMII HAUMEHBIIETO JCWCTBHUS. DHEPrus M HMITYJIbC.
Pacnan yactun. Ynpyrue CTOJIKHOBEHHS 4aCTHIL.

1.9. VpaBuenust neuxenus. O000IIEHHbIE KOOPAMHATHI, TPUHIIAIT HAMMEHBIIIETO JICHCTBUS,
¢bynkumst Jlarpanka. 3aKOHBI COXpaHEHHUS, DHEPTHS, WMITYJIbC, MOMEHT HMITYJIbCa.
WNuTerpupoBanune ypaBHeHul nBuxkeHHs. OTHOMEPHOE ABMIKEHME, NTPUBEACHHAsA Macca,
JIBI)KEHHE B LEHTPAJIBHOM mosie. Pacmaj dacTui, ympyrue CTOJIKHOBEHHsS, CEUYEHUs
paccesiHust yactul, Gopmyia Pesepdopaa. Mansie konebanus. CBOOOIHBIC U BBIHYKICHHbIE
OJTHOMEpHBIE KoJieOaHHs, KOJIeOaHUsI CUCTEM C MHOTUMH CTENEHSIMH CBOOOBI, HOPMAaJIbHBIE
KOOpAWHATHL. JIBH)KEHHE TBEPIbIX Tel. YTJoBasg CKOPOCTb, MOMEHT MHEPIIUH, MOMEHT
KOJIMUYECTBA JBMKEHHS TBEPJBIX TeJ. DUIEpOBBI YIUIbI U ypaBHeHHE Oinepa. Kanonnueckue
repeMeHHble, ypaBHeHHE | aMuibToHa-SKkoOu, pasaeneHue nepeMeHHbIX. [lepemeHHBIC
necTBue-yroy. AnnabaTHaecKuii HHBapuaHT.

Teopus nons

2.1. Bapsim B DJIEKTPOMArHUTHOM Tiojie. YeThIpeXMEpHBIA TMOTEHIHAN TOJsl. YpaBHEHUs
JOBIDKEHUS 3apsjia B Ioje, KaiuOpoBouHas (TpagueHTHasl) MHBAPHAHTHOCTH. TeH30p
anekTpomMarauTHoro noisi. [IpeobpaszoBanue Jlopenta ais mons. MTHBapruaHThI OIS,

2.2. lelictBue JUIsl DJCKTPOMArHUTHOTO IMOJISl. YPaBHEHHs JIIEKTPOMArHUTHOIO IOJISL.
YeTbIpeXMEpHBIN BEKTOP TOKA. Y paBHEHUE HENPEPBIBHOCTU. I1JIOTHOCTH U ITOTOK 3HEPIUU.
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2.3.

2.4.

2.5.

2.6.

2.17.

2.8.

2.9.

2.10.

2.11.

2.12.

Ten3op aHeprun-umiyibca. TeH30p SJHEPTUU-UMITYIbCA 3JICKTPOMATHUTHOTO TTOJIS.
[TocTrosrHOE AnekTpoMarHuTHOE moisie. 3akoH Kynona. DiexkTpocrathdueckas IHEPTHS
3apanoB. unonbHbl MOMEHT. MyNbTUNIONBHBIE MOMEHTHL. CHCTeMa 3apsiJ0OB BO BHEIIHEM
noje. [TocrossHHOE MarHUuTHOE ToJjie. MaruuTHbeIi MoMeHT. Teopema Jlapmopa.
DNeKTpOMarHuTHEIE BOJHBI. BomHoBoe ypaBHeHue. Ilnockue BomHbl. MoOHOXpoMaTHuecKas
mwiockas BoaHa. CnekTpanmpHOe pasioxeHune. llomgpu3annoHHBIE XapaKTEPUCTHUKHU
u3nydeHus. Paznoxenune s3eKTpoCTaTHISCKOT0 OIS,

ITone mBuxymuxca 3apsaoB. 3amaszabpiBatomue noreHuuansl. [lorenuuansr Jluenapa—
Buxepra. M3nydyenne siaekTpoMarHUTHBIX BOJH. Ilone cucTtemsbl 3apsoB Ha MalleKUX
paccrosiHUSAX. MyJnbTUNONBHOE W3Iy4YeHue. M3iyueHue OBICTPOJBIIKYILIETOCS 3apsja.
PaccesHrie cBOOOHBIMY 3apsIaMH.

JIBM>KeHMe 4YacTullbl B TIpaBUTAallMOHHOM 1mojie. Metpuka. KoBapuaHTHOE
mupdepennupoBanne. CumBonbl  Kpuctodpdemns. [edictBue st yacTUUbl B
TPaBUTALIMOHHOM IIOJIE.

YpaBHEeHUs TpaBUTALMOHHOrO Nois. TeH3op kpuBH3HBI. JlelicTBUE IJi FPaBUTAI[HOHHOTO
noJiga. Ten3op sHeprun-umMmnyiabca. Y paBHEHUs DUHIITEHA.

HepenstuBuctckuil npenen ypaBHeHud OifHmuteiiHa. 3akoH HeroToHa. lleHTpanbHO-
CUMMETPUYHOE rpaBUTalMOHHOE Toje. Merpuka IIBapummnpiaa. I'paBUTAlMOHHBIN
KOJIJIaIC.

Hao6mogaembie 3¢ddextst OTO B HBIOTOHOBOM M IOCTHBIOTOHOBOM MPHUOIHKEHUH
(TpaBUTaLIMOHHOE KPAacCHOE CMEIICHHME, OTKIOHEHHE JIyda CBETa, 3aJep)KKa CHUrHaja,
MpeLecCcusi THPOCKOTA, MPEIecCHs OpOUT IIaHeT). [ paBUTallMOHHBIC JTMH3HI.
PenmstuBrcTckast kocmomnorusi. OTKpbITast, 3aKphITast ¥ TUIOCKast Moiend. 3akoH Xab0ma.
Pacmiupenue BceenenHoil Ha pagualluOHHO-JIOMUHUPOBAHHOM, NTBUIEBUJHON U BaKyyM-
JTOMUHHMPOBAHHOM CTaIHsX.

duznueckue Imnpouecchl B paHHed Bcemennoil. 3akanka HeWTpuHo. IlepBUYHBIN
HyKJICOCHHTe3. PekoMOMHaIMs, PEITUKTOBBIC (POTOHBI.

IIpunuun otHocutenbHOCTU. CKOPOCTh pacopocTpaHeHus B3auMmoaeicteuil. Murepsai.
Cob6ctBennoe Bpems. [IpeobOpasoBanme Jlopenua. IlpeoOpa3zoBaHne CKOPOCTH.
YerblpexMepHbIe BEKTOpbl. UeTblpexMepHass CKOpOcThb. IIpuHIMI HauMEHBIIErO
neiicTBus. DHeprus u uMmyisc. Pacnan gactuil. Ynpyrue CTOJIKHOBEHHS 4acTull. 3apsj B
3JEKTPOMArHUTHOM ToJie. UeThlpeXMepHBI MOTEHIMAN TOJIsl. YPABHEHHS JBUKECHHS
3apsga B IOJie, TPAaJHEHTHas WHBAapUAHTHOCTb. TEH30p 3JIEKTPOMATHUTHOTO IIOJI.
[IpeobpazoBanue Jlopenma mis moist. MHBapuaHThI OISl Y paBHEHHE 3JIEKTPOMArHUTHOTO
nousis. [lepBag napa ypaBHeHuil MakcBeiuia. JleiicTBre 111 3JIEKTPOMArHUTHOTO MOJIS.
YeTbipeXMEPHBIN BEKTOpP TOKAa. Y paBHEHHUE HENPEPBIBHOCTH. Bropas mapa ypaBHeHUH
Makcpemta.  IlnotHocTs ® HOTOK  3Hepruu. TeH30p  SHEPrUU-UMITyJIbCa
3JeKTpoMarHuTHOro mnoist. IlocTosHHOe a3nexkTpomarHuTHoe mone. 3akoH Kymona.
DneKkTpocTaTrueckasi SHeprust 3apsiaoB. JUNoabHEI MOMEHT. MyIbTHITOIBHBIE MOMEHTHI.
Cucrema 3aps70B BO BHeIHeM nosie. [locTossHHOE MarHuTHOE nosie. MarHUTHBIA MOMEHT.
Teopema Jlapmopa. DnekTpoMarHuTHbeIE BOJIHBL. BosnHOBOe ypaBHeHue. Ilnockue BOIHBI.
MoHoxpomaTndeckass IIockas BoJIHA. CHEKTpallbHOE pasyiokeHue. PazmoxeHne
3NeKTpocTaTHdecKoro mosd. [lome ABKymuxcs 3apsioB. 3ama3abIBaroIfe MOTSHIINAIBI.
Ilorenumane Jluenapa-Buxepra. CHoekTpanmbHOE Ppas3iioOKEHHE 3ala3IbIBAIOIINX
MOTeHUMaNoB. M3inydeHne 3neKTpoMarHuTHEIX BOJH. [losie cucTemsl 3apsioB Ha JalleKHX
paccrosiHusx. JumonebHoe wu3NmydeHue. M3mydeHne OBICTPOABMXKYILETOCS 3apsna.
CUHXpOTPOHHOE U3IIyUYEHHUE.

3. BHGKTPO}_IHHaMI/IKa CIUIOLIHBIX CPEa

3.1.

3.2.

DIIeKTpOCTaTHKa NUAJIEKTPUKOB U MPOBOJHUKOB. JMasIeKkTpudeckass IpOHUIIAEMOCTh H
MIPOBOAUMOCTh. TepMOoaMHAMHUKa AUAIEKTPUKOB. MarnutHele cBoicTBa. IlocTtossHHOE
MarHuTHOE€ Toje. MarHuTHoe ToJIE TIOCTOSIHHBIX TOKOB. TepMoauMHaMHuYecKue
cootHouienus. J{ua-, mapa-, peppo- u aHTUDEPPOMArHETHKH.

CepxnpoBogHUKH. MarautHele cBoicTBa. CBepxnpoBoaamuidi Tok. Kpurnueckoe mnosie.
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3.3.

3.4.

3.5.
3.6.

3.7.

3.8.

VYpaBHEHUS SICKTPOMATHUTHBIX BOJIH. YPaBHEHHUS IMOJ B OTCYTCTBHUE JHUCIIECPCHUMU.
Hucnepcust muanexTpudeckoil mpornuraemoctd. CootHomenus Kpamepca—Kponwura.
[Imockas MoHOXpoMaTH4eckass BOJHA. PacnpocTpaHeHHE 3JIEKTPOMAarHWTHBIX BOJH.
OtpaxxeHne u npenomieHue. [I[puHIUT B3aUMHOCTH.

DJIEKTPOMAarHuTHBIC BOJIHBI B aHU3OTPONHBEIX cpenax. Dddexrer Keppa u dapanes.
IIpocTtpancTBeHHas nucnepcusi. EcTecTBeHHast ONTHYECKasi AKTUBHOCT.

MarnutHas ruapoanHamuka. MI'JI-Bomasl. [Ipobiema guHAMO.

Henuneiinas ontuka. Henuneitnas nponunaemocts. CamodoxycupoBka. ['eHepamus
BTOpPOU TapMOHUKH.

WNonnzanmonnsie morepu OblcTpbix dYacTul. M3myuenne UYepenkoBa. PaccesHne
3JIEKTPOMArHUTHBIX BOJIH B cpefax. PaneeBckoe paccesHue.

DIIEKTPOCTATHKA MIPOBOTHUKOB. DIEKTPOCTATUCTHICCKOE TI0JIE TTPOBOTHUKOB. DHEPTHS
3JEKTPOCTATUCTUYECKOTO TMOJII MPOBOJHUKOB. OJIEKTPOCTATHKA JAUAJIEKTPUKOB.
DJIEKTpOCTaTUYECKOE TI0JIE B JAMAJIEKTpUKax. JluanexkTpuueckas MPOHHUIIAEMOCTb.
TepMmoauHaMuKa JUAIEKTPUKOB U cerHeTodeKTpukoB.IlocTossHHBIN TOK. [IMOTHOCTE TOKa
U IPOBOIUMOCTB. ITO0CTOSSHHOE MarHuTHOE 1oje. MarHUTHOE MOJIe MOCTOSHHBIX TOKOB.
TCpMO)II/IHaMI/I‘-IeCKI/IG COOTHOILIICHUA B MarHuTHOM I10JI€. q)eppOMaFHeTI/I?;M.
deppoMarHeTHKH U CETHETORJICKTPUKH BOMM3M Touku Kropu. CBepXmpoBOAMMOCTE.
MarauTHbI€ CBOIICTBa CBEPXIPOBOAHUKOB. CBepxmnpoBoasaiuil Tok. Kputnueckoe nose.
KBazucrannonapuoe snekrpoMarautHoe moine. Toku Dyko: ckuH-3PderT. KomrmexkcHoe
COIIPOTHUBJICHUC. ypaBHeHI/Ie SJICKTPOMAarHuTHLIX BOJIH. ypaBHCHI/IH I1OJIA B OTCYTCTBUU
aucnepcuu. Jucnepcuss  JUANEKTPUUYECKOW TMpOHULIAEMOCTH. JludJjiekTpuueckas
MIPOHUIIAEMOCTh TpU OONBIUX YacToTaX. CBSA3b MEXIy NEHCTBUTEILHOW W MHHUMOMW
yacTAMH NIpoHHIaeMOocTH. [lmockas MoHOXpoMaTHdeckas BoOJHA. PacmpocTpaHeHHe
QJICKTPOMAaroiuTHBIX BOJIH. OTpa)KCHI/Ie " MpCIIOMJICHUEC BOJIH. HpI/IHHI/IH B3alMOCBs3U.
[Ipoxoskenue OBICTPBIX YaCTHUII Yepes BemlecTBo. Mlorn3annonnsie notepu. Uzmydenue
BaBunoBa-UepeHkoBa M MNEPEXOAHOE H3JIyYEeHHE. MarHutHas T'UAPOJUHAMUKA.
BMmopoxennocts. MI'JI-BOJHBL.

4. MexaHHKa CIUIONIHBIX Cpea U (U3NYecKask KHHETHKA

4.1.

4.2.

4.3.

4.4,
4.5.

4.6.

4.7.

4.8.
4.9.

4.10.

WneanpHas )kUOKOCTh. Y paBHEHHE HENPEPHIBHOCTH. YpaBHeHHE Diinepa. [loTok sneprum.
[MoTtok nmmynbca. CoxpaHeHHe MUPKYJISIUK cKOpocTH. [loTeHITnaapHoe 00TeKaHne Te:
MIPUCOEIMHEHHAs Macca, Cujla CONPOoTHUBIICHUS, 3P ekt Marnyca.

Bs3kas KUAKOCTh: YypaBHEHUA JIBMXKEHUS BSI3KOM XKUAKOCTU. Juccumnanus 3HEpTUu B
HEC)KMMAaeMOM KUJIKOCTH.

[lepexon k TypOyneHTHOCTH. HeycroitunBocTn namuHapHbIX TedeHuid. Teopus Jlannay—
Xomnda. Tunel arrpakTopoB. CTpaHHBIH arTpakTop. llepexon k TypOyJI€HTHOCTH IyTEM
yABOCHHS TepuojioB. Pa3Burtasi TypOyiaeHTHOCTh. CHEKTp TypOYJIEHTHOCTH B BSI3KOM
nHTepBajie. KoaMoropoBckuii CriekTp.

3ByK. 3BYKOBbIE BOJHBI. ['eoMeTpruyeckas akycTHKa.

OnHoMepHOE JIBI)KEHHE C)KMMaeMoro rasa. XapaktepucTukd. MHBapuantsl Pumana.
[Ipocrass Bonna Pumana. O6pa3oBaHue yaapHbIX BOJIH. YzaapHas aauabara. CiaOble
pa3psIBBL. Teopus CHIIBHOTO B3pHIBA.

YnapHbIe BOJHBI ¢lIa00i MHTEHCUBHOCTHU. Y paBHEeHHE broprepca.

3ByKOBBIE BOJHEI CcO ciaboit gucnepcueir. YpaBaenue KJIB. CommToHbl W uX
B3aUMOJIeiCTBHE. beCcCTOIKHOBUTENBHBIE YIapHBIE BOJIHEI.

I'upponvHamMuka CBEPXTEKYYel XKUIAKOCTH. JBYXKUAKOCTHOE ONMCAHUE.

Kunernyeckas teopusi ra3zoB. Kunernmueckoe ypaBHeHue bombnmana. $H$-teopema.
TenaonpoBOHOCTh M BA3KOCTh ra3oB. CHMMETPpUH KWHETUYECKHX KO3(PQPHUIIMEHTOB.
Huddysnonnoe npubnmxenue. Ypasnenue @okkepa—IIlnanka.

beccronkHoBuTENnbHAS MIa3Ma. Y paBHeHMs Biacosa. uanekTpudecass IpOHUIIAEMOCTb
0ecCTONKHOBUTENFHOW TIa3Mbl. 3aTyxaHue Jlangay. JIGHTMIOpOBCKHE M MOHHO-3BYKOBBIE
BOJIHBI. [lydkoBasg HEyCTOMYMBOCTH: THIApPOJAMHAMHUUYECKas W KHHETHYECKasl CTaaHM.
KBaszununeitnas teopusi.



6.

4.11.

4.12.

CronkHoBeHus B miazme. MHTerpan cronkHoBeHuii Jlanmgay. /InmuHa mpobera yactuil B
I1a3Me.

WneanpHas >kxuakocTb. YpaBHeHHe ODiepa. YpaBHEHHE HENPEpHIBHOCTU. | mapocTaTHka.
YcnoBue OTCYyTCTBUA KOHBEKUMHU. YpaBHeHHe bepHymnu. Ilotox sneprum. Ilotok
UMITyJIbCA.

KBanToBas mexaHuka

5.1

5.2.

5.3.

5.4.

5.5.

5.6.
5.7.

5.8.

5.9.

5.10.

5.11.

OcHOBHBIC MOJIOKEHUSI KBAHTOBOM MexaHuku. [Ipuniun HeonpeaeaeHHocTH. [IpuHmmn
cynepniozunuu. Omnepatopbl. JIMCKPETHBI W HEMPEPBHIBHBIN CIEKTPHI. | aMHIIBTOHHAH.

CraumonapHeie cocTosHus. [ eiizenOeproBckoe mpexacraBieHne. COOTHOMICHUS
HEOIPEEIECHHOCTH.

Vpasuenue lllpenunrepa. OcHoBHEIE cBoiicTBa ypaBHeHus Llpenunrepa. OgqnomepHoe
nBuxeHne. OnHomepHslil ocumiaTop. [InmotHocTh notoka. KBazukinaccuueckass BOJTHOBas
¢dbyuxmua. [poxoxaenne uepes dapbep.

MowmeHT konnyecTBa ABMXeHHS. COOCTBEHHbIE (YHKIMH M COOCTBEHHBIC 3HAYCHUS
MOMEHTa KoJMuecTBa JIBHKeHusi. YerHocTh. ClloKEeHHE MOMEHTOB. PazioxeHue
Kneomra—I opnana.

JBmxkenue B nieHTpanbHOM mone. Cepudeckrne BONHBL. Pa3nokeHne mI0CKOH BOITHBI.
Pannansnoe ypaBuenue llpenunrepa. AToM Bogopo/a.

Teopust Bo3myuieHui. Bo3mylieHus, He 3aBuciAllUME OT BpeMeHM. llepuonuueckue
Bo3MylIeHUs. KBa3uknaccuueckas TEOpUsl BO3MYILICHUM.

Crnun. Oneparop cnuHa. TOHKas CTPYKTypa aTOMHBIX YpOBHEH.

ToxnectBeHHOCTh 4yacTul. CHUMMeETpUs TpU TEpEeCTaHOBKE UYacTUL. BropuuHoe
KBaHTOBaHUeE 1151 0030HOB U pepMUOHOB. OOMEHHOE B3anMOICHCTBHE.

Atom. CocTosiHUE 2JICKTPOHOB atoMma. YPpoBHHU 3Hepruu. CaMocoriacoBaHHOE IIOJE.
VpaBuenue Tomaca—®Depmu. ToHKass cTpyKTypa TOMHBIX ypoBHeU. Ilepuonnueckas
cucrteMa Menzeneena.

JIBrm>keHne B MarHUTHOM Tone. YpasHeHue lllpenunrepa st IBUKEHNUS B MATHUTHOM
nose. [I10THOCTh MOTOKA B MAarHUTHOM TIOJIE.

CronkHoBeHus wactul. O6mas teopus. Popmyna bopa. PezonancHoe paccesiHue.
CTONKHOBEHHE TOXK/IECTBEHHBIX YaCTHIl. YTIPYTrOe paccesiHue Mpyu HATUIUU HEeYIIPyTUX
npoieccoB. Marpuua paccesnus. @opmyna bpeiitta—Bursnepa.

OcCHOBHBIE TIOHSATUS KBAaHTOBOW MexaHMKH. Ilpomecc wu3MepeHus W IPUHLHI
nononHuTenpHOCTU. IIpuHIIMT ~ HeomnpeneneHHoctw.  lIpuHnmMn — cynepno3unu.
Oneparopel, X CIOXEHHE M YMHOXXEeHHE. JIMCKPEeTHBI U HENpEepBIBHBINA CIEKT.
Omneparopsl PHEPTUM U UMIYJbca. [ aMUITbTOHWAH U TUQPEPEHIIMPOBAHHE ONIEPATOPOB 10
BpemeHHU. CranuoHapHble cocTosHHMS. lIpencraBieHune omnepaTopoB B BHJE MATpHII.
l"aitzenOeprosckoe MIpeJICTaBICHUE. Omneparop MMITyJIbCA. CooTHolIeHHE
HeonpeneneHHocTH. YpaBHeHue Illpegunrepa. OCHOBHBIE CBOWMCTBA ypaBHEHHS
Ilpenunrepa. OgqnomepHoe ABMkeHHe. OqHOMEpPHBIN ocUIIIATOp. II10THOCTE MOTOKA.
KBasukinaccuueckass BonHOBass (yHkuus. llpoxoknenue uepe3 Oapbep. MomeHT
KonuuecTBa ABMKeHUsA. CoOcTBeHHbIE (PYHKIMM W COOCTBEHHBIC 3HAYCHUS MOMEHTa
KoyuecTBa ABMKEeHM. YeTHOoCTh. CliokeHHe MOMEHTOB. J[BH)KE€HHE B LIEHTPAIHHOM
none. Cdepudeckue BONHBL Pa3noxeHue TUIOCKOW BONHBI. PanwanbHOe ypaBHEHUE
Ipenunrepa. Teopuss Bo3MylleHUWH. Bo3MylieHHs, HE 3aBHUCSAIIME OT BPEMEHMU.
CexynspHoe ypaBHEHHE. Bo3MmylleHus, 3aBUCAIME OT BpeMeHH. llepmonndeckue
BosmymieHus. CnuH. Omnepatop cnuHa. ToxaecTBeHHOCTh dYacTul. IIpuHnun
HepaznmmuuMocTi. CUMMETpUs TIpH NiepecTaHoBKe dacTuil. OOMeHHOe B3aNMOIEHCTBHUE.
Bropuunoe kBaHTOBaHME JJisi 0030HOB U pepMHOHOB. AToM. COCTOSTHUE IJIEKTPOHOB B
aToMe. YpoBHH 3Hepruu. CamocoriacoBaHHoe moje. YpaBHeHne Tomaca-depmu. ToHKas
CTPYKTypa aTOMHBIX ypoBHeH. llepmoamueckas cucrema MenzaeneeBa. [[BukeHHE B
MarHUTHOM Tione. YpaBHenue lllpeamnrepa nmga OBM)KEHHWS B MarHUTHOM IIOJIE.
[I;10THOCTP MOTOKA B MATHUTHOM TIOJIE.

Craructrueckas (uznka



6.1.

6.3.

6.4.

6.5.

6.6.
6.7.

6.8.

6.9.

6.10.

6.11.

6.12.

6.13.

OCHOBHBIC TIPUHIHUIBI CTATUCTUKH. DYHKIMS paclpenesicHus] U MaTpHUIla TIIOTHOCTH.
Craructrueckas He3aBUCUMOCTh. Teopema Jlnysumi. Ponb sHeprum. 3akoH BO3pacTaHHS
SHTpONUH. MHUKpOKaHOHHYECKOoe  pacmpeneneHue.  Pacmpegenenne  ['mOOca.
Pacrnipenenenne ' mb66ca ¢ mepeMEeHHBIM YHCIIOM YaCTHII.

6.2. TepmoaHaMHUUYECKUE BENWYMHBI. Temmneparypa. Pabora M KOJMYeCcTBO Teruia.
TepmoanHaMUYeCcKUE MOTEHIMANBI. TepmoauHaMuueckrue HepaBeHcTBa. [Ipuninun Jle-
[laTense. Teopema HepHcra. CucTeMbl ¢ MepeMEHHBIM YUCIOM 4YacTull. CBOOOHAS
sHeprus B pacnpeaencHud ['n60ca. BeiBo TepMOIMHAMUYECKUX COOTHOLICHUH.
TepMmonmHamMuka wuIealbHBIX Ta30B. Pacnpenenenne boaenmana. CTOJKHOBEHHE
Monekyn. HepaBHoBecHBIN naeanbHbIN ra3. 3akoH paBHOpacnpeaeneHus. OTHOAaTOMHBIN
HJIcaJIbHBIN ras.

Pacnpenenenne ®@epmu u bosze. BrlpoxaeHHblii naeansHbiii depmu-ra3. CBoiicTBa
BEIIECTBA MPH OOJBIITNX IUIOTHOCTAX. BrIposkaeHHBIN 003e-Ta3. Konaencamus boze—
Oitamteiina. PaBHOBecHOe TteruioBoe wm3nydenue. @opmyna I[lmanka. CBeTHMOCTB
a0COJIIOTHO YEPHOTO TeJa.

HeuneansHple Ta3el MW KOHAEHCHUPOBaHHBIE cpeAbl. DOOHOHHBIE CHEKTPHl U
TepMOJIMHAMUYECKHE CBOMCTBa rasa. TepMOJWHAMHUYECKHE CBOMNCTBa HJI€AJILHOTO
KJIACCUYECKOT 0 rasa.

PaBHoBecue az. ®opmyna Knaneripona—Knaysuca. Kpurudeckas Touka.

CucteMbl ¢ pasnuuHbiMu dacturiamu. [IpaBuno ¢a3. Cnabwie pactBopbl. Cmech
HIeaNbHBIX ra3oB. CMech HM30TONMOB. XHUMHUYECKHE PEaKUUU. Y CIOBHE XHMHYECKOTO
paBHOBecHs. 3aKOH AeicTByromux Macc. Termora peakuuu. oHn3anoHHOE paBHOBECHE.
CrnabonenneanpHbrii  0o03e-ra3. Monenbs boromwoboa. Cnektp B030yXISHUH.
CaepxTekyuecTs. KBaHTOBBIE BUXPH.

Teepasie Tena. Kpucrammuueckue cTpykTyphl. [loBepxnocts @epMu. 30HHAS CTPYKTypa.
KBasnuactumsl.

Koneb6anus pemetku. Teopust ynpyroctu. 3ByK B TBepaAbIX Tenax. [Iponeccsl pacnana u
cinusiHus (oHOHOB. Paccestnue ¢poHOHOB Ha npumecsx. Kunetuueckoe ypaBHeHue 1Jis
¢onoHOB. TenmonpoBOAHOCTD.

CsepxnpoBoaumocTts. KymepoBckoe cmapuBanue. Teopuss bapnnna—Kynepa—
Ulpudpdepa (BKII). Teopus JlonmonoB. Teopuss ['mH3Oypra-Jlanmay. Tox,
KaJIMOPOBOYHASI HHBAPHAHTHOCTh, KBAHTOBaHHE MOTOKA. CBEPXIIPOBOJHUKH TIEPBOTO U
BTOpOro poxaa. dddekr [xo3epcona.

Onykryanuu. Pacnipenenenne ['m60ca. iykTyanuu OCHOBHBIX TEPMOJHMHAMHYECKUX
BenuuuH. Popmyna Ilyaccona. Bpemennsie ¢paykryanun. CHUMMETPpUH KHHETUYECKHUX
ko3 uimeHToB. OIIyKTAIMOHHO-IUCCUITATHBHAS TEOpEMA.

da3oBple Tepexonbl BToporo poxaa. Teopuss Jlamgmay. KpuTuueckne WHAEKCHI.
MacmraOHasi ”HBapUaHTHOCTh. DIyKTyalu B OKPECTHOCTH KPUTHYECKOHN TOUKH.

6.14. OCHOBHBIC TPUHIMIBI CTAaTUCTUKU. CTAaTHCTHYECKOE pacIpeecHue.
Cratuctrnueckass He3aBUCUMOCTh. Teopema JImyBminsa. Ponp sHeprum. OHTpomnus.
3akoH BO3pacTaHWUs OHTPONUHU. TepMoIWHAMHUYECKHe BEIWYMHBI. Temmeparypa.
Annabatuyecknii  mpouecc.  Janenme. PaGora um  KoamuecTBO  Termja.
TepmoguHaMuueckue MOTeHOUANBl. MakcuManbHas paboTa. TepMoguHaAMUYECKHE
HepaBeHctBa. llpunnun Jle-llatense. Teopema Hepucra. Cucrema ¢ nepeMeHHBIM
yuciIOM dYacTul. PaBHoBecue Ttena Bo BHemHeM mnoje. Pacnpenenenne ['ubG0Oca.
CBoOoxnast »Hepruss u pacnpexaenenue [u66ca. BriBox TepMoOAMHAMHYECKUX
cooTHomeHUH. TepMoauHaMuKa HAealbHbIX Ta30B. Pacnpenenenune bonbnmana.
CronkHOBeHHWE MOJEKyJ. HepaBHOBecHBIN wacanbHBIM Ta3. CBoOOmHAs JSHEPrus W
ypaBHEHHE COCTOSIHHs. 3aKOH paBHopacnpeneneHus. OAHOAaTOMHBIM WIEalbHBIN Ta3.
Pacnpenenenne ®epmu u bose. HepaBHoBecHble @epmu- u bose-razel. @epmu- u bose-
ra3bl 3JIEMEHTAPHBIX YACTHLL. BBIPOXKIAEHHBIN 3NEKTPOHHBIN ra3. BeipoxaeHHslil bo3e-ras.
KonnencupoBanubsie Tena. Tepaple Ttena. HMutepnomsimuonnas ¢opmyna J[leGas.
TenmoBoe pacmupenue TBepabix Ten. PoHoHBL. HewmneanpHple Taspl. OTKIOHEHHE
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razoB or wuzaeanbHoctu. Popmyna Ban-nmep-Baannca. PaBHoBecme ¢as. YcnoBus
paBHoBecus ¢az. Popmyna Kialinepona-Kiaysmyca. Kpurndeckas Touka. Cucrema ¢
pasnuuHbiMu yacTuuamu. [IpaBuno ¢az. Cnabsie pacTBopbl. CMech UAcaNbHBIX Ta30B.
Cmech n30TONOB. XUMHUYECKHE PEAKIMU. Y CIOBHE XMMHUYECKOTO PAaBHOBECHS. 3aKOH
aeicTByromux macc. Tenmora peakuuu. MoHu3anuoHHoe paBHOBecue. DIyKTyaunuu.
Pacnpenenenune I'aycca. ®DayKkTyallud OCHOBHBIX TEPMOJWHAMUYECKUX BEIUYHUH.
®nykryauuu B uneanpHoM raze. @opmyna Ilyaccona.

7. ®dusnyeckas KHHETHKA
AncambOiip ['n06ca. @ynkuus pacnpenenenus. YpasHenue Jlnyswist. Ypasaenue bonbimana.
VYpaeuenne ®oxkepa-Iliranka. H-teopema. Cratuctudueckas SHTponus. VaeanbHast KUIKOCTb.
VYpaBHeHHE HENpephIBHOCTU. YpaBHeHHe Oilnepa. beccTonkHoBUTenbHas TUIa3Ma:
CaMOCOIVIaCOBAaHHOE I10JI€, KBa3UHEHTpalbHas IUIa3Ma, T’MAPOANHAMUKA [BYXTEMIIEPaTypPHOI
I1J1a3MBl.

8. Maremarnueckne MeToab! (prU3NKH
Teopust GyHKIHMI KOMITIEKCHOTO TEPEMEHHOT0. Bhramcienne MHTErpajoB BeIYeTaMu. Perrenne
YpaBHEHUH C IOMOIIBIO KOHTYPHBIX HHTErpasioB (Meton Jlamnaca). Beruncinenue acuMOToTHK
uaterpanoB.  CnemnuanbHble  ¢ynkuumn  (Jlexxanapa,  bBeccens,  smnmunTHueckue,
TUIIEpPreoMeTpUYecKue, TaMMa-QyHKIUN).
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PA3JAEJ «PAIUODUIUKA»

1.

Teopus konebanuit

1.1.

1.2.

13.

14.

15.

1.6.

1.7.

1.8.

1.9.

1.10.

1.11.

JluneiiHnbie KoJsieOaTENbHBIC CHUCTEMBI C OJIHOH CTENeHb0 CBOOOHBI. CHIIOBOEC U
ImapaMeTpHIecKoe BO3ICHCTBUE Ha JUHEHHBIC M cj1ab0 HEIWHEHHBIE KoJeOaTebHbBIC
CHCTEMBI.

ABTOKONeOaTenpbHas CHUCTeMa C OIHOM CTENEHBbI0 CBOOONBI. DHEPreTHUYECCKHUE
COOTHOIIICHUSI B aBTOKOJICOATEIBHBIX CUCTeMaX. MeTobl pacueTa aBTOKOIe0aTeIbHBIX
CHCTEM.

Bo3gelicTBue  rapMOHMYECKOrO  CHUTHaja Ha  aBTOKOJICOATENIbHBIE  CHUCTEMBI.
CunxpoHmsanus. SBIIeHUS 3aTATHBAHUSA W TammeHus KojeOanuii. IlpumeHnenue
3aTATUBAHUS JIJIsl CTAOMIIN3AI[UN YaCTOTHI.

AHanuTHYEeCKHE M KadeCTBEHHBIE METOJBI TEOPHUU HEIMHEHHBIX KojeOaHui. AHamm3
BO3MOJKHBIX JIBIDKCHHMH M Oudypkauuii B (pazoBOM NpPOCTPAHCTBE: METOJ Malloro
napameTrpa, meron Ban—mep—Ilons, metonm KpwuioBa—Dboromto6oBa. YkopodeHHBIS
ypaBHEHHUs. YCpEIHEHHE B CHCTEMaX, COAEPKAIUX ObICTPBIE W MEJICHHBIC IBIKEHUS.
KOHG63T€HBHI>IC CUCTEMBbI C JIBYMd W MHOI'MMH CTCIICHAMU CBO6OIII>I. HOpMaJ]I)HI)IC
kosieOanusi. BeIHYKICeHHBIE KOJIeOaHUSI.

ABTOKOJICOaTEIbHBIE CHCTEMBI C JBYMs U 0oJiee CTENeHSAMH CBOOOABI. B3ammuas
CHHXPOHU3AIUS KoJIeOaHHil IBYX T€HEepaToOpOB.

ITapameTpuueckoe ycuiaeHHEe W TapaMeTpuueckas reHepanus. I[lapameTpudeckue
YCUIIUTENH U TeHEepaTopHl. Jlellenne 4acToThI.

Y cTOHUYNBOCTD CTallMOHAPHBIX PCXKMMOB ABTOHOMHBIX WU HCABTOHOMHBIX KOHC63T€J'H)HI)IX
CHUCTEM. BpCMeHHLIC " CIICKTPAJIbHBIC METOJAbI OLICHKHU yCTOﬁ‘IHBOCTH.

CoOcTBeHHbIE W BBIHYXKJICHHBIE KOJEOAHWA IJMHEHHBIX pPACHPEICICHHBIX CHCTEM.
CobOcTBeHHbBIE PYHKIIUN CUCTEMBI (MOABI). PaznokeHne BBIHYKACHHBIX KOJIEOAHUN 11O
cucTeMe COOCTBEHHBIX (DYHKITUH.

Pacnpeznenenubie aBTOKOJEOaTEIbHBIC CUCTEMBI. Jla3zep Kak NMpUMEp TaKOW CHUCTEMBI.
YcnoBus camoBo30yxeHus. O JHOMOIOBBIM 1 MHOI'OMOJIOBBIN PEIKUMBI TEHEPAITUH.
XaoTtnueckne KoJieOaHHWs B JAWHAMHYECKMX CHUcCTeMaX. [loHATHE O XaoTHYECKOM
(ctpanHoM) arTpakTope. Bo3MOXHBIE MyTH TOTEPH YCTOMYUBOCTH PETYISPHBIX
KoJie0aHMil ¥ Iepexo/ia K Xaocy.

Teopus BoJIH

2.1.

2.2.

2.3.

24.

2.5.

[Inockue oHOPOAHBIE U HEOTHOPOAHBIE BOJHBIL. [lMoCKHe aKycTHUECKHE BOJIHBI B BSI3KOW
TETUIONPOBOIAIIEH cpefie, yIpyrye IpoAOoIbHbIE U TTOTIEPEYHBIE BOJIHBI B TBEPIOM TEJe,
3JIEKTPOMAarHUTHBIE BOJHBI B Cpesie ¢ MPOBOAUMOCTHIO. [loTok sHepruu. [lomspuzanms.
Pacnpoctpanenne curnana B aucneprupytomieii cpene. [Ipocrelinme gusnyeckne Moaenu
JUCTIEPTUPYIONINX cpefl. BoIHOBOH makeT B MEPBOM M BTOPOM MPUOIMKEHUH TEOPHH
mucnepcun. PazoBas W rpymmnoBas ckopoctd. llapaGommnueckoe ypaBHEHHE IS
orubatomeid. PacmuibiBanne u kommpeccusi uMnyiascoB. [lone B cpegax ¢ BpeMeHHOI.
Hucnepcuonnsie cootTHomeHuss Kpamepca—KpoHura u mpuHIIAI TPUIHHHOCTH.
CBoiicTBa 37I€KTPOMArHUTHBIX BOJIH B @HU30TPOIHBIX cpeaax. OnTudecKnue KpUuCcTallbl,
ypaBHeHue DpeHensi, OOBIKHOBEHHAs] U HEOOBIKHOBEHHAs] BOJIHBI. MarHUTOaKTHBHbBIC
cpeasl. TeH30p IWAMEKTPUYECKOW MPOHHUIIAEMOCTH IIa3Mbl B MarHUTHOM  IIOJIE;
HOpMaJIbHBIE BOJIHBI, X TOJISIPU3AIIHS.

BosHBI B mepHOIHUYECKUX CTPYKTypax. MexaHW4YecKue LENOYKH, aKyCTHUECKHUE H
ontrdeckue (GoHOHBI. [loJIOCHI TPOIMyCKaHHWSI W HEMPO3PAYHOCTH. DIEKTPUUYECKUE
LEMIOYKHM, CIUIOIIHAs cpefa co CIa0bIMH NEPUOAMYECKUMU HEOAHOPOJHOCTSIMH.
CBsi3aHHBIE BOJIHBI.

[IpubnmxeHne reoMeTpuYecKOl ONTUKHU. YpaBHeHHUA diKkoHana. [uddepenunansuoe
ypaBHeHUE Jy4a. JIyun v 1osie BOJIHBI B CJIOMCTO-HEOTHOPOIHBIX Cpeax.
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2.6.

2.17.

2.8.

2.9.

2.10.

DNEeKTpOMarHuTHbIE BOJHBL B METAJUIMYECKUX BOJHOBOAAaX. JlWdnexkTpuueckue
BOJIHOBO/IbI, CBETOBO/IbI. JINH30BBIC TMHUM U OTKPBITHIE PE30HATOPHI. ['aycCOBCKUE MyUKH.
Merox Kupxroda B Teopunm audpakuuu. Oynxuumu [punHa. YciaoBus H3IydeHHUS.
Hudpakuus B 3oue Openenst u Opaynrodepa. XapakTepuCcTUKH MO B (POKyce THH3BI.
Bomuer B HenmuHEHHBIX cpemax 6e3 mucriepcuu. OOpa3oBaHUE Pa3pbIBOB. Y AapHBIC BOJHEL.
VYpasHenue broprepca st AUCCUITATUBHOMN CpeAbl U CBOMCTBA €ro pelieHuid. I'enepanus
TapMOHHUK HCXOJHOTO MOHOXPOMAaTHYECKOro CHrHana, 3(QeKTbhl HeIuHEHHOro
MIOTJIOLEHM ], HACBIIIEHUS U JETEKTUPOBAHUA.

Vpasuenune Kopresera—ne—Bpusa u cunyc — I'opaona. Ctaunonapssie BoaHbl. [loHsTue
0 coJIUTOHaX. B3anmoaeicTBUS NMIOCKUX BOJIH B AUCHEPTUPYIOUIUX cpeaax. [ 'enepamus
BTOpPOU rapMoHuKH. [TapameTrpruueckoe yCuiaeHue U reuepanusl.

CamoBO3€eiicTBHE BOJNHOBBIX NyukoB. CamodokycupoBka cBeTa. [IpubnmkeHus
HEJIMHCWHON KBa3WONTHKA W HEJIMHEWHON TeoMeTpudueckoid onTuku. OOpareHne
BOJIHOBOT'O (hpoHTa. ITHTEHCUBHBIE aKyCTUYECKHE MYyYKH; TapaMETPHUECKHUE U3ITydaTeIn
3BYyKa.

Craructuueckas paauodusnka

3.1.

3.2.

3.3.

3.4.

3.5.
3.6.

3.7.

3.8.

3.9.

Cay4aiiHple BENWYHMHBI M MPOLECCHI, cOcoObl X onucanus. CTalroHapHBIA CITy4YalHbINA
nponecc. CTaTUCTHYECKOE YCPEIHEHHE M YCPENHEHHE BO BPEMEHH. DProgUYHOCTE.
H3mepenne BEpOATHOCTEN U CPENHUX 3HAUCHUM.

Koppensunonnsle W CHEKTpalbHBIE XAapPAKTEPUCTHKHA CTAallMOHAPHBIX CIy4alHBIX
npoueccos. Teopema Bunepa—Xununna. benblil ym U Jpyrue NpuMepsl CIIEKTPOB U
KOPPEJIALMOHHBIX (PYHKIIHUIL.

Mogenu cinydailHbIX IPOLECCOB: rayCCOBCKUN MPOLECC, Y3KOMOJIOCHBIA CTALlMOHAPHBIN
[IyM, UMITYJIbCHBIEC CITyYaifHbIe TTPOLIECCHI, IPOOOBOI MIyM.

OTKIMK JTWHEHHON CHCTEMBI Ha IIyMOBBIE Bo3zaeiicTBus; PpyHKums ['puHa, MHTErpan
Hroamens. JleficTBue myMa Ha KosieOaTeNbHBIN KOHTYp, QuiabTpanus uryma. Henuneiinsle
npeoOpa3oBaHus (YMHOXKEHHS YacTOTHl M aMIUIUTYAHOE IETEKTHPOBAHHUE Y3KOIIOJIOCHOTO
ryma).

Mapxkosckue u nuddy3nonHsle npoueccsl. YpaBHenue Pokkepa—IInanka.

BpoyHoBckoe aBuxeHue. @ayKTyallMOHHO-AUCCUIIAlIMOHHAs Teopema. TenaoBoi mym;
KJIACCUYECKUN W KBAHTOBBIN BapwaHThl (opmynsl HailikBucra. TemoBoe u3imydeHwue
a0COJIFOTHO YEPHOTO TeJa.

Crnyuaiiaple mosig. [IpocTpaHcTBeHHass M BpeMEHHash KOTepeHTHOCTh. Judpakuus
ciryyaitHeix BosH. Teopema Ban Lurrepra—Llepruke. Jndpakuus peryaspHON BOJHBI Ha
ciyyaifHOM (ha30BOM 3KpaHe. TemioBoe JIeKTpOMarHuTHOE 1oJie. TeopeMa B3aMMHOCTH.
PaccessHue BoMH B Ciy4aiiHO-HEOAHOPOIHBIX cpenax. BopHoBckoe mpubanxeHue, MeTo
[JIaBHBIX BO3MYIIEHHH. PaccesiHue BOIH Ha 1mepoxoBaToil moBepxHocTH. llonsTie 00
o0OpaTHOI1 3a7a4e paccesiHusl.

BzaumopneiictBue ciaydalHbIX BOJH. ['eHepauuss BTOPOM ONTHYECKON TapMOHUKH,
caMO(OKYCUPOBKA ¥ CAMOMOJYJISIIIUS YaCTUYHO KOTePEeHTHBIX BOJH. [IpeobpaszoBanue
CHEKTPOB IIIYMOBBIX BOJIH B HEJIMHEHHBIX cpenax 0e3 IUCIepcuu.

HpI/IHLII/IHLI YCWICHHS, TCHCPALlUU U YIIPABJICHHUA CUT'HAJIaMHU

4.1.

4.2.

4.3.

4.4,

[IpusanIKT paboTh, yCTPOHCTBO U MapaMeTpsl J1a3epoB (IPUMEpHI: TeIii-HEOHOBBIN J1asep,
Jla3ep Ha pyOuHe, I0JIyIIPOBOJHUKOBBIN Ja3ep).

Onrtuyeckne  pe3oHatopel.  Pezonatop  ®abpu—Ilepo, koH(DOKaNBHBEIH H
KOHLEHTpUYECKUI pe3oHaTopsl. HeycToiumuBeii pe3onatop. IIpononbHble M nonepedyHble
TUMbI KojiebaHui. CIEKTp 4acTOT U pacXOAUMOCTD U3NlydeHus. JJoOpoTHOCTD.

Pexxumbl paboTHl J1a3epOB: HEMPEPHIBHBIM DPEXXUM T'E€HEpPALHH, PEXHUM MOIYISINNA
IOOpOTHOCTH PE30HATOpa, PEKUM CHHXPOHH3aUUU MOJ. CBEpXKOPOTKHE HMITYJIbCHI.
Iymsr nazepoB, popmyna TayHca u ipenenbHas cTaOUILHOCTh YacTOThl. ONITHYECKHE
KOMITPECCOPHI U MoJyueHrne HeMTOCEKYHIHbIX UMITYJIbCOB.

MonekynsapHsiii TeHepaTop. KBaHTOBBIE CTaHAAPTHI YaCTOTHI (BPEMEHH).
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4.5. BOJHOBOIBI, IJIMHHBIC JIMHUU M pe30HaTOpbl. KpuTHdeckas yacTota U KpUTHYECKas JIJTHHA
BosHOBOAa. TE-, TH- u TEM-Bonnusl. JlmanekTpudeckne BOJHOBOABL. llepromnueckue
CTPYKTYpPBI U 3aMeJIAIoNIMe cucTeMbl. BoTHOBOE conpoTHBIIEHHUE.

46. VYcumurenu CBY-muana3ona (pe3oHaTOpHbIH, Oeryieii BoaHbl). [Tomoca mponyckanust
YCUIIMTEIIS OeryIieil BOJHBI.

4.7. Tenepauus BonH B CBU-n1uanazone. [TpuHIumm paboThl U yCTPOHCTBO JIaMITbI Oeryien u
o0paTHOW BOJHBI, MarHEeTpoHa M KiIHCcTpoHA. OTpumarenbHoe aUdhepeHTHaILHOES
conpotuBieHue U reHepaTopsl CBY Ha mosneBbIX TpaH3UCTOpax, TYHHENBHBIX AUOAAX,
nronax ['aHHa B JTaBUHHO-TIPOJETHRIX nuoaax. Dddekr Ixozedcona.

4.8. B3sauMoneicTBHE BOJH MNPOCTPAHCTBEHHOrO 3apsifa C aKyCTHYECKHM IIOJIEM,
akycTtodyiekTpuueckuiit 3ddekrt. [IpuHIUNBl paboTHl aKyCTOJIEKTPOHHBIX YCTPOMCTB
(ycunurenu ynpTpasByKa, JTUHUHU 33IEPKKH, (PUIBTPBI, KOHBOJILBEPHI, 3aIIOMUHAIOIINE
YCTPOMCTBA).

4.9. BzaumopaeiicTBus cBeta co 3BykoM. Judpakuus bparra u Pamana—Hara. [IpuHuune
paboTHI YCTPOHCTB aKyCTOONTHKH (MOIYISTOPHI M Je(IIeKTOphI CBETa, Mpeodpa3oBaTeNn
CBET—CHTHAJI, aKyCTOONITHUECKUE (BUIIBTPHI), aHATM3ATOPBI CIIEKTPa U KOPPEISTOPEI.

4.10. JIuHEHHBIH IEKTPOONTHYCCKUI U MAaTHUTOONTHYECKUH 3(PPEKTHI M UX IPUMEHEHHE IS
YIIPaBJICHUS] CBETOM.

5. AHTEHHBI U pacnpoOCTpaHEHUE PATHOBOIH

5.1. BuOpatop [I'epua. bnwxuss wu npanbHsIs 30HBL JlMarpamMMa HamnpaBJICHHOCTH.
Koadduuent ycunenus u kodhUIUEHT paccesHus aHTeHHbI. AHTeHHBI 1s1 [IB-, CB- u
CBU-mmanazonoB. IlapaGommdeckass anTeHHa. Pa3upoBaHHBIE aHTEHHBIE PEIIETKH.
OddexTuBHas WIOMAAb U IIYMOBas TEMIIEpaTypa IPUEMHON aHTCHHBI.

5.2. Teomerpuyeckoe M MUPPAKIUOHHOE MPHOIMKCHUS NPU aHAIH3e PACIPOCTPAHCHHS
panuoBoyiH. BiausiHne HEpOBHOCTEH 3eMHOW MOBEPXHOCTH. 3€MHBIE M TpoInochepHbIe
panvoBonHEL. PaccesHue u TOTIIONMIEHHE PaguoBOIH B Tpomocdepe. Dddext
«3amupanus». TponocdhepHspili BoTHOBOA. PacipocTpaHneHune paanoBoiaH B HOHOC(heEpe.
Hucnepcuss W TOTJIONICHUE pAaIMOBOJH B HOHOChepHOH 1iasme. HMoHochepHas
pedpakumss. Xon Jyued B OABOJAHOM 3BYKOBOM KaHajie M TpornochepHOM
PaJlMOBOJIHOBO/IE.

6. Brigenenue cursanoB Ha OHE TOMEX

6.1. 3agauum onNTUMaIBHOrO MpUEMa CHrHaANA. AIMOCTEPUOPHAsl IUIOTHOCTh BEPOSTHOCTH.
Oyuknus npaenonogobusi. Crarucrmueckas mnpoBepka runore3. Kpurepum bBaiieca,
Heiimana—IIupcona u Banbaa npoBepKu TUIIOTES.

6.2. AmnpuopHbie CBeIeHUS O curHaie W myme. HaOmronenue u cooOmieHue. 3agauu
WHTEPHOJISALNH, (PHIBTPALIUN U SKCTPAMIOISALUN.

6.3. Jluneitnas ¢unptpanus KonmoropoBa—BuHepa Ha OCHOBE MHHHMH3AIMH TUCTICPCUU
omnOku. [TpuHIMI OpTOrOHAIBPHOCTH OMMOKY U HaOMI0AeHUs. Peann3yembie TuHeiiHbIE
dbunbTphl 1 ypaBHenue Bunepa-Xorda. Beigenenue curnana us mryma. CorjiacoBaHHbBIN
¢bunesTp.

6.4. Jluneitnbiii ¢unpTp Kanmana—bprocn. CToxacTHYeCKHE ypaBHEHHS Uil MOJACIH
coobmenuss u 1myma. JuddepeHnuanbapie ypaBHeHHS (QUIbTpa. YpaBHEHHE IS
anoctepropHoi nHpopmanuu B popme ypaBHeHus Pukkatu. CpaBHeHUE (QUIBTpALUH
meronoM Konmoroposa—Bunepa u Kanmana—Dbbrocu.

6.5. OcHOBHbIC 3a/1a]TH HETHMHEHHON (PUIBTPAIIMK U CHHTE3a CHCTEM.

Jlutepartypa

1. Kapnos H.B., Kupuuenko H.A. Konebanusi, BonHbI, CTpyKTyphl. — M.: ®usmariur, 2001.
2. Bunorpanosa M.b., Pynenko O.B., CyxopykoB A.Il. Teopus Boin. M.: Hayka, 1990.

3. Pabunosunu M.U., Tpybenkos JI.1. OcHoBbl Teopuu konebanuii u BonH. M.: Hayka, 1987.
4. MowuceeB H.H. Acumnrornueckue MeTobl HenmuHeHHONH Mexanukd. M.: Hayka, 1981.
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H CBA3b, 1985.

Kaumapex @. Beenenue B ¢pusuky nazepos. M.: Mup, 1981.

Baitamreiin JI.A., Comanes B.A. Jlekiuu mo cBepXBBICOKOYACTOTHOM 3nekTpoHuke. M.: CoB.
panuo, 1973.

3BepeB B.A. Pagnoontuka. M.: Cos. paauo, 1975.

Bykunarem M. lllymbl B 351eKTpOHHBIX nprbopax u cucremax. M.: Mup, 1986.

Kapmos H. B. Jlekiiuu o kBaHTOBO# anekTpoHuke. M.: Hayka, 1983.
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PA3JIEJ «OIITUKA»

1.

3akoHbl TeomeTpudeckoi ontuku. KopmyckymnspHas Teopusa. BomHoBas mpupoja cseTa.
KganrtoBsie cBoiicTBa cBeta. @OTOHBI. DHEprus U uMmysbce. Lllkana 371eKTpOMarHUTHBIX BOJIH.
Pemenue ypaBHeHuit MakcBemna il WACATU3UPOBAHHOW JUAJIEKTPUUECKOM CpEJIbI.
ITosapuTonsl. Ilonsprsanus 3JIEKTPOMArHUTHOM BOJIHBI B MaTEpUAIILHOU cpeje. Beipaxkenus
IUISL TADJIEKTPUYECKON MPOHUIIAEMOCTH W JIMHEHHOW MOJSPHU3yEeMOCTH. DIEKTPOMarHUTHBIC
BOJIHBI B CETHETORJIEKTPUKAX U B TUIa3Me. MArkue MoAbl BOJIM3H TOUEK CTPYKTYPHBIX (ha30BBIX
IEPEXOJ0B.

KorepenTasle ucTouyHUKH BOJIH. SIBneHue wHTepdepeHuu. HTEphEepeHIIMOHHBIE CXEMBI.
UnTtepdepeHunonHbie CBETOPMIBTPHl M NPOCBETISIIOIIME TOKPBITHA. MHOTOCIOMHbBIE
JUIEKTPUUECKHUE 3epKaja.

Hudpakumss Ha mend U KpyrjioM oTBepcTHH. MHUKpoOcKomn u Teneckomn. udpakunoHHas
pemérka. ["osorpadguyeckue perieTKH.

OtpaxeHne 1 IpeIOMIIEHHE CBETa Ha IPaHUIIE U30TPOIHBIX AUAIEKTPUKOB. Popmyssl Dpenens.
[TonHoe BHyTpeHHee oTpakeHHe. Yroa bproctepa. OTpa)keHHE U NpPETOMIIEHUE CBETa Ha
rpaHule: BaKyyM-(OTOHHBIM KPUCTAILI.

WznyvatensHast ¥ morjomaresbHas cnocooHocts. 3akoH Kupxroda. AOComoTHO yepHOE Tedo.
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10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

®opmyna Panes-/xxunca. @opmyna [Inanka. 3akon Credana boiabimana. 3akoH cMelIeHH
Buna. TennoBoe n3inyueHue (OTOHHOTO KpHUCTaJIA.

CrexTphl U3JIyuyeHHUss aTOMOB, MOJIEKYJI M KOHIIEHCUPOBAHHBIX Cpell. DJICKTPOIIOMHUHECLECHIIHS.
Pamnomomunectientisa.  PotomoMuHecieHIA.  JnTensHOCTh  oMuHecTieHITHH.  Dochopsl.
JlromMuHeclieHTHass CHEKTPOCKONMMS U aHaJuThdeckue MeTonbsl. M3nyuenue Basuiosa-
Yepenkosa. [lepexogHoe U CHHXPOTPOHHOE U3IYyUEHUE.

MuBepcHas 3acelleHHOCTh M METOJIbl €€ co3manus. [IpuHuun aedcTBus nazepa. TBepaoTenbHbIE
nazepsl. ['a30BBIe Nasephl. YHOpaBieHUE MapaMmMeTpaMu Ja3epHOro HU3JIydeHus. ['eHepamus
CBEPXKOPOTKHUX UMITYJIbCOB.

Cnekrporpadel U MOHOXpoMaTopbl. CHEKTPOMETPHl KOMOMHAIMOHHOTO PacCesHHs.
JIfoMHHECTIEHTHBIE CIIEKTPOMETPHI. JIIOMHUHECIICHTHBIH MHUKpocKkon. KoMOmHaIrMoHHBIH
MuKpockon. dypre-creKTpoMeTpsl. AKYCTOONTHYECKUH cHeKTpoMeTpsl. llommxpomMaropsl.
[Tpuémuuku uznyuenus. Cucremsl crpobupoBanus. O6paboTKa creKTpalbHONH UH(DOpMAIHH.
CrnoHTaHHOEe W BBEIHYXXIeHHoe uinyuenue. Koadpduuuents Diinmreiina. [lonstue o cuie
ocIATOpoB. Ilepexonsl pa3nuyHONW MYJIBTHUIUIETHOCTH, IpaBujia OTOOpa ISl dIEKTPO-
JUTIOJIBHOTO0, MarHUTHO-IUIIOIBHOIO M 3JIEKTPO-KBaAPYINOJIbHOro u3nydeHus. lIupunsl
JHEPreTUYECKUX YPOBHEH U CIIEKTPAJIbHBIX JIUHUH.

Korepentnoe B3ammopeiicteue. Pe3oHancHoe mnpubmmkenune. | aMuiIbTOHMAH aroMa B
3JEeKTPOMAarHuTHOM moje. JluHamudeckoe mnosneBoe ymupeHue. Hyranuu. KorepentHoe
3aTyxaHue. MeToJ MeUICHHBIX aMILUIATY,.

@OTOHHOE 7X0 U CAMOMHIYLMPOBaHHAs NMpo3padyHoCTh. [lomsipusanus npu BO3IEHCTBHU JBYMs
KOPOTKHMH PE30HAaHCHBIMU UMITyJibcamMu. O6paTumast pachasupoBka. [muTensHOCTs CUTHANIA
sxa. Cunyc-ypaBuenue ['opgona. ABromoaensHoe penieHue. COTUTOHEI.

CriekTphl BOJIOPOJa U MICIOYHBIX METAIJIOB. Y POBHH YHEPTUHU U CIICKTPHI. TOHKas CTPYKTypa
ypoBHei#l. Bakyymubiii caBur. CrieKTpaibHBIE CEpPHUN MIETOYHBIX METaIoB. KBaHTOBBINA edexT.
Hy0OnerHast CTpyKTypa YpOBHEH.

[IpubnmxeHne LEHTPATHLHOTO MOJSA. DIEKTPOCTATHUYECKOE W MAarHUTHOE B3aMMOJICHCTBHE
91eKTpoHOB. Tunbl cBszel. LS-cBsa3p. Onpenenenue Habopa TEpMOB ISl KOHQUTYpaluil ¢
HEIKBUBAJICHTHBIMH M 3KBUBAJICHTHBIMU 3J€KTpoHaMH. McxomaHbie TepMbl. MybTUIIIIETHAS
CTpyKTypa TepMoB. CBsi3b THIIA |j, CBsA3b THIA |l

15. JByxaToMHBIe MOJIEKYJIbl. Annabarnyeckoe npuommkenne bopha-OmnmenreiiMmepa
IJISl ONMCAHHUS SIAEPHOM M SJIEKTPOHHBIX MOJACHUCTEM MOJeKyJ. KpuBble MOTEHIHATLHOMN
SHEPrUU W DJIEKTPOHHBIE TEPMBI MOJIEKYJIbI (CBA3aHHBIE W OTTAJKHUBaTedbHbIE). CTpyKTypa
KoJIe0aTeIbHO- BpaIllaTeIbHBIX YPOBHEH 3HEPruu. MyJbTHUIUIETHBIC TEPMBI: Cilydau a, b, ¢ u
d. CummeTpus MOJEKyJISIpHBIX TepMoB. [Ipeaucconmanus. V3nydeHne IBYyXaTOMHBIX MOJICKYIT
(3nekTpoHHBIE, KosieOaTeabHble W BpamareiabHble crekTpsl). IlpaBuna orbopa. [IpuHnun
®panka —Kongona.M3zotonuueckuit 3hekT.
IToHATHE HU3KOTEMIEpaTypHOW IUIa3Mbl, 3ajJadyd JUAarHOCTUKU. PaBHOBecHas Iua3zma:
pacrpeneneHusl 4acTUIl MO JHEPTHsM, IJIOTHOCTH HEUTpanbHBIX M 3apsHKEHHBIX YacTHIL,
TEIUIOBOE M3IydeHHEe. MoJenu paBHOBECUS M CBA3AaHHBIC C HUMH IapaMeETpPhl: JOKaJIbHOE
TEPMHUYECKOE pPAaBHOBECHE, YaCTHYHOE JIOKaIbHOE Tepmuueckoe paBHoBecue (UJITP),
kopoHasbHas Mojens (MKP), cronkHOBUTENbHO—paguaIiioHHass MOAeb. ONTUYECKUNA CIEKTP
Y IIJIa3MEHHBIE TapaMeTpPBI.
[InmoTHas BeICOKOTEMIEpaTypHas Ija3Ma U MHEPLUAIbHBIN yIpaBisgeMblil cuHTe3. CedeHus
TePMOSIZIEPHBIX ~ peakiuidl. WHepuuaibHBI TepMoOsiiepHbI  cuHTe3. [luHd 3¢ dekT.
Anunabarndeckoe cxarue. PaBHoBecue bennera. CBA3b TOKa W TeMIeparypsl Ij1a3Mbl MHHYA.
Yckoputenn 3apsibkeHHbIX  yacTull. Knaccudukanums. Ilpumenenwsi. CHIBHOTOYHBIC
yCKOpHUTeNU. 3apskeHHas 11azMa. OCHOBHBIE MOHATHUS M XapakTepHble 3HaueHHsA. CrocoObl
onrcanusi. Heo6X0uMOCTh CaMOCOTIIACOBAHHOTO MOX0/1a.
CUIIBHOTOYHBIE AJIEKTPOHHBIE U MOHHBIE YCKOPHUTENHU. Y3Jbl CHJIBHOTOYHBIX YCKOPHUTENEH.
CxeMbl THOJI0B [T (POPMUPOBAHUS MTYUKOB C Pa3IMYHBIMU MapameTpamu. Ou3ndeckue MOJIeIH.
OcHoBHBIE (PaKTOPHI, BIUSIOLUINE HA XapaKTEPUCTUKHU THOJOB U BEIOOD MOJEIICH.
®dusnyeckue Ipolecchl Ha  MOBEPXHOCTH. THNBI  3MHUCCHM:  TEPMOSJIEKTPOHHAs,
ABTORJICKTPOHHAsI, B3PBIBHAsI 3JIEKTPOHHAs, (OTOSJIEKTPOHHAS, BTOPUYHAS AIIEKTPOHHAS
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21.

22.

23.

24.

25.

26.

217.

28.

SMHCCHUH, YMUCCHS C TOBEPXHOCTH CETHETOIEKTPHUKOB.
CunbHOTOUHBIE ITYYKH B rase M Iula3Me. Y CIIOBHS BOSHUKHOBEHHS TOKOBOHM HEWTpaau3aluu
IIy4ka B IJJa3Me. XapaKTepHble MacuTaObl mpoueccoB. HecranuoHapHble SIBICHUS IPU
WHXXEKIUH My4Ka B Ia3My. HecranmonapHas MOHM3aUs NIPU MHXKEKIMY MTyYKa B HEHTpPaIbHBIN
ra3. @usuyeckue Npolecchl MpHU B3aUMOIEHCTBUM ITy4YKa ¢ HEUTpaJIbHBIM ra3oM. 3apsA10Bas U
TOKOBasi HEMTpanu3anus Imydka B rase.

MoOHOXpOMATHYECKOE 3JIEKTPOMAarHUTHOE W3JIyYEHUE DPEJISITUBUCTCKMX YacTHI. Y CIOBHE
YEepeHKOBCKOro pe3oHaHca. [[nuna gopmupoBanus. M3nydeHne pesiTUBUCTCKOTO OCLIIIIATOPA.
Hopmaneuerii m anomanbHbIl 3¢ dekT Jlomrepa. HampaBiaeHHOCTs W YaCTOTHBIA CHEKTP
H3JIy4YEHUs PEISITUBUCTCKUX YAaCTHI] B pacIipeIeJI€HHBIX BOJIHOBOJIHBIX CTPYKTYpax.
W3nyuenne paBHOMEpHO NBHXKYyIIerocs 3apsana. HMsmyduenue BasunoBa-UepeHkoBa B
OJTHOPOJIHOM AMcrieprupytomiei cpeae. M3nydyeHue B 3aMarHUYEHHOM IIa3MEHHOM BOJIHOBOJIE.
[lepexonnoe wu3nydeHue. CoOOCTBEHHbIE BOJIHBI B IIEPUOJUYECKUX CTPYKTypax U HX
BO30Y)KJCHHE ABIKYIIMMCS 3apsiioM. YepeHKOBCKOE U3IyUeHHE B MIEPHOANIECKUX CTPYKTYpax.
Jlazepsl Ha cBOOOmHBIX 3nekTpoHax. JICD — reneparop: CTpykTypa HOJS B ONTHYECKOM
pesonarope. KosdduuueHt ycunenuss M TOpOr caMOBO30YXKACHHs. Y CTaHOBHBIIHECS
koyiebaHusl W BBIXOAHAs MoOIHOCTh. JICD — ycwmnmrens: Hackimenne u nudpakiimoHHBIE
3¢ dexTh. BonHOBOIHBIE CBOHCTBa 3JEKTPOHHOTO My4YKa. PeKMM yCHUIIEHHS CIIOHTaHHOTO
W3JIy4eHHS B HEIPEPHIBHOM IIyYKE U B KOPOTKOM CT'YCTKE.

OJeKTpOMarHuTHasi TEOPHsI CBETA

VpaBuenuss Makcpenna. Bektop Ymosa-lIlolintunra. BonHoBoe ypaBHeHue. Ilnockue u
ctepruueckue BomHBL. PazoBas W rpymmoBas ckopoctu cBera. [lomspmsamnms cBera. [lapamerpst
Crokca. Cepa [lyankape. TUIBI TONSPU3AMMOHHBIX YCTPOHCTB. OTpakeHUE U TPEIOMIICHUE
CBeTa Ha rpanule paszgesia u3oTponHbix cpen. @opmynsl @penens. [lonHoe BHyTpeHHEE
orpaxkeHue. KommekcHass AM3IEKTpUYecKass NpPOHULAeMOcTb. OTpakeHHe CBeTa OT
MIOBEPXHOCTH MPOBOJIHMKA. [ TyOMHA MPOHWKHOBEHUS NPHU OTpakeHUH cBeTa. Pacmpocrpanenne
CBETAa B aHU30TPOIIHBIX U THPOTPOIHBIX Cpelax. BoIHOBBIE MOBEPXHOCTH B KpUCTALIAX. Jlyun
Y BOJIHOBBIE HOpManu. Dimuriconss Openens. OnTuyeckue CBOWCTBA OJHOOCHBIX U JBYOCHBIX
KpucTaiuioB. /[BoitHoe mydenpenomienne. Dnekrpoontudeckue 3¢ dexts Keppa u [lokkensca.
OnTtuyeckas akTUBHOCTh. Dpdext Papanes. Onruka apmxymuxcs cpea. Onbitel Puzo u
Maiikenbcona. [IpeoOpa3oranust Jlopenua. [IpomosbHelil U nonepednsiit agdexTsl Jormiepa.

I'eomeTrpuyeckast onTuka ACHMITOTHYECKOE peIIeHHE BOJHOBOTO ypaBHeHus. [‘eomerpo-
ONTHYECKOE TpHUONMKEeHHe. YpaBHeHHe »OiikoHanma. OOnacTh MPUMEHEHUS  IJIy4eBOTO
npubmwkenus. Ilpuanun @Pepma. 'omouenTtpruueckue mydkd. IloHsSTHE ONTHYECKOTrO
n3o0paxenus. [lapakcuanbHoe npubmkenue. [Ipenomienne Ha cdepuyeckoil TOBEPXHOCTH.
Cohepuueckue 3epkaa u JjuH3bl. (OOpa3oBaHME KAayCTHMK B OINTHYECKMX CHCTEMax.
leomerpuyeckue abeppallii TpeThero W Oojiee BBICOKMX TOPSIKOB. XpoMmaTHdeckas
abeppauus. Tumsl onTHyecKux NpudOpPoOB.

Wntepdepennns u nudpakiusi CBETOBBIX BOJIH

WHTepdepeniinonHbie siBJeHUsT B onTHKe. KOMIUIEKCHAsI cTEelIeHh KOTepEeHTHOCTH. Teopema
Ban-Ilutrepra-Llepauke. [ByxiydeBas u MHoroiyueBas nHtepdeperuuns. CaBurosas U CHeKII-
natepdepomeTpus. MHorocnoiiaeie mokpeiTUs. dudpakuus. JudpakiuoHHbie HHTETPaBI
Kupxroga-T'roiirenca. Hudpakuns Ppenenss u Dpaynrodepa. Bnusaue mudpakumu Ha
pa3peliaiyo CUIy CHCTEM, O00pasylomux wu3loopaxenue. JubpakiuoHHAs pelIeTKa.
OOparnsie 3agaan Teopun qudpakiuu. CHHTE3 ONTHISCKUX DJIEMEHTOB.

Teopust n3my4deHust ¥ B3aNMOJIEHCTBHS CBETOBBIX BOJIH C BEIIECTBOM

Knaccuueckast Teopusi B3anMOJIEHCTBUSI M3TYYEHUS C BEIIECTBOM. Pe3oHAaHCHOE MpHOIMKEHNE.
Hucnepcuonnsie cootHomenuss Kpamepca-Kporura. Onrtudeckue HyTamuu. ONTHIESCKUM
a¢pdexr Llrapka. DoTOHHOE 3X0 W CAMOMHAYUHMPOBAHHAs NPO3payHOCTb. CONHUTOHBHIL.
Penakcannonnsle mpouecchl. YpaBHEHHE JJIsi MaTpULbl IUIOTHOCTH. CamMoOcCOriacoBaHHbBIE
YpaBHEHHUS JIs TI0JIs, IOJISIPU3AIIMK U Pa3HOCTH 3acesieHHOCTeH. D (EeKT HaChIIICHHS. 3aKOHbI
teroBoro m3nydenus. @opmyna [Mnanka. doroaddexr. Kpantopanue mnoiss. Oneparops
POXAEHUsI U YHUYTOXXEHHS (OTOHOB. |'aMUIBTOHMAH KBaHTOBaHHOIrO mouisd. KomMmyTanmoHHBIE
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29.

30.

31.

32.

COOTHOWICHHUS [uIisi omepatopoB moiisi. OnHO(OTOHHBIE W MHOTO()OTOHHBIE IPOLECCHI.
BeposiTHOCTH CHNOHTAaHHBIX W BBIHYXACHHBIX mepexonoB. Koadduuuentsr DHHIITEHA.
Koomeparusasie a3 dextor. CBepxuznydenne. KorepeHTHOE 1 KOMOWHAIIMOHHOE PacCEesHHUS.
PacnpocTpanenue BOJIH B HEJIMHEHHOHN cpenie. YCIIOBHE CUHXpOHU3MA. ['eHepaliis onTHYeCKUX
rapmoHuk. CamMooKkycupoBKka cBeTa. BrIHyXAeHHOe KOMOHMHAIMOHHOE paccesHue.
BreinyxaenHoe paccesHue MangensitamMa-bpuiitosHa. YeThIpeXBOTHOBOE B3aUMOJIEHCTBUE.
OOpamenue BOTHOBOTO ()poHTA. BemecTBo B CBEPXCHUILHOM CBETOBOM ITOJIC.
Cratuctuueckas ONTHKA

BpemenHast 1 IpocTpaHCTBEHHAss KOTEPEHTHOCTh CBETOBBIX IOJICH; KOPPEISIIMOHHBIE (DYHKIUU
IIEpBOT0 M BBICIINX MOpsAnKoB. CrekTpanbHoe mpeacTaBieHue. Teopema Bunepa-XuHunHa.
Pacnpenenenne boze-Ditnmreitna. Ilapamerp BolpokaeHus mons. IlyaccoHoBckas,
CyOIlyacCOHOBCKast M CYyTEPIIyacCCOHOBCKasl CTaTUCTHKA (POTOHOB. CBsI3b CTATHUCTHUK (DOTOHOB U
¢doTtooTcueToB, dopmyna Mangens ans pachpeaenceHus (oTooTcuyeToB. JpoOoBoi mrym.
CrnioHTaHHOE IapaMeTpuuecKoe paccesHue csera. budoronsl. IlepenyranHbie cOCTOSAHUS CBETa.
OnTtuyeckas peanusanusi KyOuToB m ux mpeodOpasoBanusi. CocrosiHusa bemma. Ilapamokc
Outnmreitna-Ilogonsckoro-Poszena. HepaBencrra bemna.

CnexTpockonus

Coektpel atomMoB. CHCTEMaTHKa CIIEKTPOB MHOTO3JIEKTPOHHBIX aTOMOB. THIIBI CBsI3eil
anekTpoHOB. Ormpenenenne Habopa TepMoB. MynbruruieTHas cTpykrypa. [IpaBuna orbopa.
CrnexkTpsl MoseKys. AnuabaTuueckoe MNpuOMmKeHue. [pynmbl CHUMMETPUH MOJEKYJ.
Koneb6atenbuble cnekTprl. Knaccudukanus HopManbHBIX KOJIEOaHHH 110 THITAM CHMMETPUU.
[IpaBuna orb6opa B KoJeOaTEIbHBIX CIIEKTPaxX MOTJIOMEHUS 1 KOMOWHAIIMOHHOTO PacCesHHS.
BpamarensHas CcTpyKTypa KoJeOaTeNbHBIX II0JNOC. OJIEKTPOHHBIE CIEKTPBHl MOJIEKYJI.
Knaccudukamust 3MeKTpOHHBIX COCTOSHHN ABYXaTOMHBIX MoJekyn. Ilpuamun @panka-
Konnona. Tumsl cBs3u 3J€KTPOHHOTO ABMXKEHMS U BpameHusa. CIIEKTPOCKOIUS TBEPAOro Teja.
[lepexonpl moa AecTBMEM CBeTa B MAcalbHOM Kpucrasuie. [lornomenue B MHPpakpacHOU
00JIaCTH CIIEKTpa U B3aUMOJICHCTBUE CBeTa ¢ (POHOHHOU mojacucTeMoi. [lornomenue cBeTa B
MeTajulax. 3alpelleHHas 30Ha M 00JacTh NMPO3PAayHOCTH B IuIIEKTpuKax. Ilepexonsl c
OoCHOBHBIX ypoBHeH. D dextsr Oxe u @ano. IPpdekTs Ha KpassX OCTOBHOTO IMOTIIOIICHUS:
EXAFS u XANES. Ilonsatue o monsiputoHax. CHeKTpOCKONUsl J€PEKTHBIX COCTOSHHMA B
kpuctaimax. Jlromunecnenus. Knaccupukanusi JIOMHHECIICHIIMA IO JJTUTEIBHOCTH CBEUCHHUS
U croco0y ee Bo30Oyx aeHUs. MoJIeKyIsIpHas 1 PeKOMOMHAILIMOHHAS JIIOMUHECICHIUS. 3aKOH
Crokca-Jlommerns. [IpaBuio 3epkanbHOM CUMMETPUH CIEKTPOB IOIJIOMICHUS U JIIOMUHECLEHIINT
Jlesmuua. 3akoH BaBumoBa. TpuUILIETHBIE COCTOSHHS MOJIEKYJ M WX POJb B IpOIeccax
Jerpajaliii 1 MUTPAIMK SHEPTHUH JIEKTPOHHOTO BO30ykaeHus. Cxema Tepenuna-JIprounca.
TymieHne JIIOMHHECHEHLMH. be3bl3mydaTesNbHBIH  HEPEHOC JHEPrUd  BJIEKTPOHHOTO
BO30yxaeHUs. JIIOMUHECIEHIINS MOJIEKYJIIPHBIX KPUCTAJIIOB.

OKclepuMeHTaIbHAsE U IPUKIIAHAs ONTHKA

HcTtouHnKky ONTHYECKOTO M3NydeHHs. TensoBele, razopaspsiaHble U jJa3epHble UCTOYHHUKH.
CunxporpoHHoe wusnydyeHue. OnThyeckue Marepuanbl. XapaKTepUCTHKH TPHUEMHUKOB
M3JIyYeHHs: CHEKTpajbHasi M HMHTErpajbHasi 4yBCTBUTEJIBHOCTH, LIYMbI, MHEPLHUOHHOCTb.
Texnuka crekTpockornuu. CBeTOQUIBTPHI, MPU3MEHHbBIE U TU(PPAKIIUOHHBIC CIIEKTPAIbHBIC
pubopsl, naTEpPepoMeTpsl. Pypbe-criekrpockonusi. OCHOBHBIE XapaKTEPUCTUKH TPHOOPOB:
anmapartHas (QyHKIHS, pa3pelieHne, CBEeToCHIa, aucrepcus. JlazepHasi CrieKTpOCKONHs. 3anuch
n o0paboTka ontuueckord MHGopManuu. BomokoHHast onTrka. THUITEI BOJOKOHHBIX CBETOBOJIOB.
Bonoxonnsie nuauu cBsizu. Henuuelinbie 3G ekThl B ONTHYECKUX BOJIOKHAX.

OnrTuka 1a3epoB

[Mpunnun paboter nazepa. Cxembl Hakauku. Teopus JIamba. DdekTr 3aTaruBanusi 4acTOTHl U
BeITOpaHus npIp. JI>mOoBckuii mpoBan. Onrudeckue pe3oHaTOPhl. MOJBI ONTHYECKUX
pe3oHaTtopoB. CBONCTBa JIa3epHBIX My4YKOB. TuIbI 1a3epoB. TBepaoTenbHbIE Ja3epsl. ['a30BbIE
Jla3epsl: Ja3epbl HA HEWTPAIbHBIX aTOMaX, MOHHBIE JIa3epbl, MOJEKYJISIPHBIE JIa3ephl, Ja3ephl HA
CaMOOTpaHMYEHHBIX IMepexojax. XuMmudeckue nasepbl. [lomympoBogHukoBsie s1azepsl. Jlazepsl
Ha IEeHTpax OKpackd. Pexumsl paboTsl jazepoB. HempephiBHbIE U UMITYJIbCHBIA PEKUMBI.
[MuukoBelii  pexum. Mopaynsauus godbporHoctd. CuHXpoHM3anus MoJ. [eHepanms
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33.

CBEPXKOPOTKUX UMITYIHCOB.
Hanodotonuka

bamxuenonesslie B3aumoercTeusa. OnTuka 3aTyxaromux BoiH. [lnasmonuka. Pactipenenenue
IOJII B CUCTEME METaJUI-AUANIEKTPUK. | MITaHTCKOE YCHIIEHWE JJIEKTPOMAarHUTHOTO TOJSl BOIH3U
METANINYECKUX HAaHOCTPYKTyp. HenuHeliHble cBOMCTBa HaHOpPa3MEpPHBIX CTPYKTYP.
bawxHenosneBble HEIUMHENHHBIE ONTHYECKHE Tpoliecchl. DOTOHHBIE MaTepUaibl C 3alpelieHHON
30oHO0i. @oTOoHHBIE KpucTadnel. HaHOpasmMepHble HCTOYHUKM CcBeTa. MeramaTepualsl.
Cynepnuaza. PoToBoIbTaWKa. XapakTepusalus MoBepxHOCTH. CKaHUPYIOMmas 30HI0Bast
MHKPOCKOITHSI. DIIEKTPOHHAS MHUKPOCKOITHS.
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PA3JEJ «PU3NKA KOHAEHCHPOBAHHOT'O COCTOSHUSA»

1.

Cuutbl CBSI3M B TBEP/BIX Telax

DIIEKTPOHHAs CTPYKTYpa aTOMOB. THUIIBI CUJI CBSI3U B KOHIEHCUPOBAHHOM COCTOSIHUU: BaH-JIEp-
BaalbCoOBa CBS3b, MOHHAs CB3b, KOBAJEHTHAas CBA3b, MeTaUIMUecKas CBs3b. llpumepsl
KPHUCTALUTHYECKUX CTPYKTYP, OTBEUAIOIIUX IUIOTHBIM yIIaKOBKaM IApOB: MPOCTast KyOndeckas,
OLK, I'K, I'TTVY.

CummeTpus TBEpAbIX TEN

Kpucrannmmaeckne u amopdHbie TBepAbie Tena. TpaHCIIIMOHHAS WHBAPUAHTHOCTH. ba3nuc u
KpHCTaJUIM4ecKasi CTpyKTypa. DineMeHTapHas sueiika. Sueiika Burnepa — 3elitna. PemeTka
bpase. O603HaueHMs y37I0B, HANIPaBJIEHUH U TJIOCKOCTEH B KpucTtaiuie. O0paTHas perieTka, ee
cBoiicTBa. 30Ha bpumitosHa. DJIE€MEHTHl CUMMETPUU KPHUCTAJIOB: MOBOPOTHI, OTPAXKEHUS,
WHBEPCHSI, THBEPCUOHHBIC TIOBOPOTHI, TpaHcisauuu. Oneparuu (mpeodpa3oBaHust) CHMMETPHH.
JedexTsl B TBepbIX Temax

Toueunsie nedexTsl, nx obOpaszoBanme u Auddy3mus. Bakancum W MeKy3eIbHBIE ATOMEL.
Jluneitasie nedextel. KpaeBble 1 BUHTOBBIE AUCIOKAUA. POb MHCIOKAIMN B TUIACTHYECKOM
nedopmariuu.

Jdudpakus B KpucTaiax

Pacnipoctpanenre BoiH B KpucTtamax. Judpakuus peHTTeHOBCKHX Jyded, HEHTPOHOB H
3JIEKTPOHOB B KpHCTaJlJIe. YIIPYroe U HEeynpyroe paccesinue, ux ocobeHHoctu. bparrosckue
OTpakeHUs. ATOMHBIA U CTPYKTYPHBIH (PaKTOpPHI.

Konebanus pemnrerku

Konebanust KpuCTAIITMYECKON pelIeTKH. Y paBHEHUS JBIKCHUS aToMOB. [IpocTast u crokHast
OJTHOMEpHBIE IIETTOYKHA aTOMOB. 3aKOH AWCIIEPCHH YIPYTHX BOJIH. AKYCTHUYECKHE W ONTHYECKHE
kosieOanusi. KBantoBanue kosebanuii. @OHOHBI.

TeruoBble CBOMCTBA TBEPABIX TEI

TenmoeMKoCTs TBepABIX Tel. PermeTodnass TemI0eMKOCTh. DJIEKTPOHHAs TETIOEMKOCTb.
TeMneparypHas 3aBUCUMOCTb PEIIETOYHOM W 3JIEKTPOHHOM TemoeMkocTH. Knaccuueckas
TEOpHsI TEIUIOEMKOCTH. 3aKOH PaBHOMEPHOT'O paclpelesieHHsI SHEPruU M0 CTENeHsSM CBOOOIbI B
KJIaccuueckor gusnke. ['paHUIBI cripaBeINTMBOCTH Kilaccuueckor Teoprr. KBaHTOBast Teopust
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10.

TeIuI0eMKocTy Mo DiHiTeiiny u [ebato. IlpenenbHblie cimydan BBICOKHX M HU3KHX TEMIIEPaTyp.
Temnepatypa Jebas.

ONEeKTPOHHBIE CBOMCTBA TBEP/BIX TEI

DJEeKTPOHHBIE CBOMCTBA TBEPIBIX TeNl: OCHOBHBIE JKCIEpUMEHTaNbHBIE (akThbl. [IpoBoanMOCTS,
adpdext Xomma, tepMoI/C, ¢GOTONMPOBOAMMOCTH, ONTUYECKOE MOIJIOUIEHUE. TpYyIHOCTH
00bsicHeHHsI 3THX (PAaKTOB HA OCHOBE Kiaccuueckoil Teopuun Apyae. OCHOBHBIC MPUOIMKCHHS
30HHOU Teopuu. [ panmunsie ycnoBus bopHa — Kapmana. Teopema broxa. bioxosckue dyHkimm.
Ksazunmnynsc. 3oupl bpuiuttosna. DHepreruueckue 30HbI. bparrosckoe oTpa)keHUE IEKTPOHOB
IIPU JIBMIKEHUU MO KpUcTaILTy. [IpubnnxkeHne CHIIBHO CBA3aHHBIX JIEKTPOHOB. CBSI3b IIMPUHBI
pa3pelIeHHOM 30HbI ¢ MEPEKPHITHEM BOJHOBBIX (QYHKUNN aTOMOB. 3aKOH Aucnepcud. TeH3op
00paTHBIX (D heKTHBHBIX Macc. [Ipubmmkenne moYTH CBOOOTHBIX 2JIEKTPOHOB. bparrosckue
OTPAKEHUS DIIEKTPOHOB.

3anojHeHne 3HEepPreTH4eckux 30H auiekTpoHaMu. [loBepxHocTh @epMu. IIMOTHOCTH COCTOSTHMA.
Mertaiusl, AMIEKTPUKHN U MOJIyIPOBOAHUKH. [TomymeTasl.

MarHuTHble CBOMCTBa TBEPJbIX Tl

HaMaram4eHHOCTh U BOCIPUUMYHUBOCTG. J{naMarHeTHKH, apaMardieTHKU U (peppoMarHeTuKH.
3axons! Kiopu u Kropu — Beiicca. [lapamarneTism u 1uaMarHeTusM 3JI€KTPOHOB MPOBOJIUMOCTH.
[Ipupona deppomarnernzma. Das3oBwIi Tepexon B (eppoMarHuTHOE cocTossHue. Poib
obMmenHoro B3ammojelcTBus. Touka Kroopuw W BOCOPUUMYHBOCTH (peppomarHeTuka.
®eppomarauTtHbie goMmeHbl. [lpuunebl nosiBeHus mnomeHoB. Jlomennbple Tpanunsl (bmoxa,
Heens). Autudeppomarneruku. MarautHas cTpykrypa. Touka Heens. BocnpuumuuBocTh
anTudeppomaraeTukoB. deppumaraeTuky. JBUKeHNE MarHUITHOTO MOMEHTA B IIOCTOSIHHOM U
MEPEMEHHOM MArHUTHBIX MOJSAX. OJEKTPOHHBIM MapaMarHUTHBIA pe3oHaHC. SaepHbIi
MarHUTHBII PE30HAHC.

OnTHyeckrue U MarHUTOONITHUECKHE CBOWCTBA TBEPABIX TEI

KomMrmnekcHas quanekTpryeckast IPOHUIIAeMOCTh U ONITHYECKHEe OCcTOsiHHEBIE. KoadduimeHTs
norjgoumeHust U orpaxkeHus. CootHomenuss Kpamepca—Kponura. Ilornmomenus cera B
MOJIYTIPOBOIHUKAX (MEX30HHOE, MPHUMECHOE TMOIJIOLIEHUE, IOTJIONICHHE CBOOOIHBIMU
HOCHUTEJISIMH, pemieTkoil). OmnpeneneHne OCHOBHBIX XapaKTEPHUCTHK IOJYNPOBOAHHUKA W3
ONTUYECKUX HucciienoBanuii. Maruutoontuueckue 3¢ dextor (3pdexktor Papanes, Doxra u
Keppa). IIpoHnkHOBEHHE BEICOKOYACTOTHOIO MOJI B IPOBOAHKUK. HopManbHBIA M aHOMabHBIN
ckuH-3¢PexThl. TonmmHa CKUH-CII0S.

CBepXnpoBOIUMOCTh

CeepxnpoBoguMocTs. Kpurndeckass TemmepaTypa. BricokoTeMmepaTypHble CBEPXNPOBOIHHKH.
Ododexr Meiicaepa. Kpurnueckoe moje u KpuTudeckuii Tok. CBEepXIPOBOJHUKH NEPBOrO U
BTOpOro poxaa. MIx marHuTHbIe cBoiicTBa. Buxpm AOpukocoBa. ['myOmHa NpPOHUKHOBEHHS
MarHuTHoro moisi B oOpaseu. Oddexr J[xozedcona. Kymeposckoe cnapusanue. [mmHa
KOT€pEeHTHOCTH. DHEpreTudyeckas mieib.

Jlutepartypa

©CONOUAWN

Kurrens Y. Beenenune B pusuky tBepaoro tena. M.: Hayka, 1978.

Amikpodt H., Mepmun H. @usnka tepaoro tena. T. I, 1. M.: Mup, 1979.

VYoapr U., Tomcon P. ®usuka tBepmoro Tena. M.: Mup, 1969.

3aiiman [x. [IpuHIMIBl Teopun TBepaoro Tena. M.: Mup, 1974.

[Masnos I1.B., Xoxnos A.®. ®uzuka tepaoro tena. M.: Beicnr. mk., 2000.

Boncorckuit C.B. Marnerusm. M.: Hayka, 1971.

Bonu-bpyesuu B.JI., Kanamuukor C.I'. ®usuka noaynposoanukos. M.: Hayka, 1979.
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PA3JEJ «®U3UKA IIJIA3MbI»

1.

10.

11.

12.

TepMoaMHAMUKA TJIA3MBI

[lonsiTie mia3Mbl, KBa3HHEHTPaJIbHOCTh, MHUKPOMNOJIA, Ae0acBCKHA paguyc, uAcanbHas M
HEHJIeANIbHAS Ia3Ma. Y CII0OBHE TEPMOJINHAMUYECKOTO PaBHOBECHS, TEPMUYECKAsT HOHU3aLMs,
¢dopmyna Caxa, KOpOHAJIBHOE PAaBHOBECHE, CHI)KCHHE MMOTEHLINANIa HOHU3aluK. Beipokaenne
ia3Mbl, cratuctuka bonsiimana u ®epmu—/upaka, moaenb Tomaca—Depmu.
OneMeHTapHbIe TPOLIECCHI

CTONKHOBEHUS 3apsDKEHHBIX YacTHUI, JajJbHOACHCTBUE, YaCTOTHI CTOJKHOBEHUH, CTOIKHOBEHUS
3JIEKTPOHOB € aTOMaMH (YIpyIrue U HeYyNnpyrue), CTOJIKHOBEHMS TSKENbIX yacTul. MoHuzanus,
pekoMOWHanus, mepe3apsaka W nOpuiaunanve. Bo3OyxkiaeHue M aucconuanus MOJICKYJT
3JEKTPOHHBIM yIapOM.

dusndeckas KHHETHKA

VYpaBHenusi bonbiimMana u BiiacoBa, MHTErpajl CTOJKHOBEHHUH, BpeMs MaKCBEJUIM3AllMUd U
CKOpOCTh BBIpaBHMBAHMs TEMIIEpaTyp pa3MYHBIX KOMIIOHEHT IasMbel. CKOpOCTh
HOHOOOpa30BaHUsI W PEKOMOWHAIIMK BJIEKTPOHOB M HMOHOB, OOpa3oBaHWE W pa3pylIeHHE
BO30YKJCHHBIX aTOMOB (HOHOB). SIBJI€HUS MepeHoca B TUIa3Me, AIEKTPOIPOBOAHOCTE, TUPPyY3us
M TEIUIONPOBOJHOCTh YacCTUIl NMPH HAJWYUU M OTCYTCTBHH MarHutHoro mnois. KuHernka
BO30YXICHHBIX MOJIEKYJ B IUIa3Me.

JluHaMHKa 3apsHDKEHHBIX YacTHIl B AJIEKTPUYECKOM U MarHUTHOM IOJISX

JIBr>KeHre B CKPEIICHHBIX 3JIEKTPUUECKOM W MarHUTHOM mnosix. JpelidoBoe npubnnxenue,
Pa3HOBHIHOCTH Jpei(oBOro ABMKEHHS. 3apsDKCHHas 4acTUIa B BBICOKOYACTOTHOM TIOJIE.
[TonsiTne agnabaTyecKoro MHBapHaHTA.

MarauTtHas THAPOJWHAMUKA TUIa3Mbl

YpaBHEHUS IBWKEHUS IUIa3Mbl B MAarHUTHOM T10JI€, TIPOHUKHOBEHHE MarHWTHOTO TOJIA B IJ1a3My,
BMOPOKEHHOCTh MArHUTHOTO TMOJS. 3aKOHBI COXpAaHEHHs B UACAIBHOU OqHOXHUAKocTHOM MI'/I.
JBYX>KUJIKOCTHOE TPUOTMKEHHE.

HeycroitunBocTs mina3mel

PaBHOBecHBIE KOH(UTYpaIU TIa3Mbl B MATHUTHOHM THAPOIWHAMUKE, MTUHY. HeycToHInBOCTH
IJIa3Mbl, BHABl HEYCTOMYHMBOCTH, IIEpETpEeBHAs M HOHU3AIMOHHAA HEYyCTONYUBOCTH.
Oueprerndeckuil npuHIUNn MI'/[-yCcTONYNBOCTH.

Kosebanus 1 BoHBI B T1a3Me

OcHOBHbIE THIBI KOJIEOAHWH W BOJH B IJIa3Me: JISHTMIOPOBCKHE 3JIEKTPOHHBIE U HOHHBIE,
3JIeKTPOMAarHUTHBIE, HOHHO-3BYKOBBIE, MAarHWTO3BYKOBBIE, anb(BeHOBckHe. [lokazaTenn
MPEJIOMIIEHUsT TUTa3Mbl, TTPOCTPAHCTBEHHAs] U BpeMEHHas aucrepcus, (ha3oBas W IpynnoBas
CKOpPOCTH INIa3MEHHBIX BOJIH.

B3anMopeiicTBuE 3apsDKEHHBIX YACTHIL C BOJIHAMM B IIa3Me

Bo30yxnenue u 3aTyxaHue BOJH B IUIa3Me, YePEeHKOBCKOE U3JIydeHUe, 3aryxanue Jlannay.
Packauka rurasmeHHbIX KoJebanuil myukamu. KBazunuHeiiHoe npuOInKeHue.
B3anMozaeiicTBUE 3JIEKTPOMArHUTHBIX BOJH C IUIA3MOM

PacrmipocTpanenune 37eKTpOMarHUTHBIX BOJH B HEOJAHOPOAHOM IUTa3Me, reoMeTpUyecKas ONTHKA,
MJa3MEHHBIA PE30HaHC, HUKJIOTPOHHBIA pE30HaHC, JMHelWHas TpaHchopmanus. OCHOBHbBIC
HEJIMHEIHbIE TPOIECChl B3aWMOJEUCTBUA BOJH, HEYCTOMYMBOCTH IUIa3MBl B CHJIBHOM
3JIEKTPOMAarHuTHOM noJie. Paccesnue u Tpancopmanns BOJIH.

Nznyuenune nnasmsl

DneMeHTapHbIE paJlallMOHHbIE POLECCH], NHTEHCUBHOCTH CIIEKTPaIbHBIX JIMHUH, CIJIOIIHBIE
CIIEKTPHI, BBIHYXJEHHOE HucITyckaHue. [IpoGerm m3mydeHus, mepeHoc H3Iy4eHUs B Cpeje,
ONTUYECKH MPO3pavHas U HEMpo3padHas MIa3ma, JTyqucTas TeIIONpPOBOAHOCTb.

JlmarnocTrka ria3Mbl

30HA0BBIE METO/BI, ONNTHYECKHE MeTOoAbl, CBY-MeToabl, KOPIYCKYISIpHBIE METOBI, JIA3€PHOE
paccesiHuEe, MarHUTHBIE U3MEPEHUS.

DJIeKTpUUYECKU pa3ps]l B razax
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13.

14.

©

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

OcHOBHBIE BUIBI paspsna: TICHOLIUN pa3psia, UCKpa, siekTpuueckas nyra, BU-, CBY- u
ONTHYECKUH pa3psd. YCIOBUS CTalMOHAPHOCTH paspsla, M3IYyYarolIi pa3psii B IUIOTHOM
I1a3Me, MJIa3MEHHO-ITyYKOBBIM pa3psl.

['moponuHaMuveckue U TEIJIOBBIE SIBICHUS B IIa3Me

VY napHble BOJIHBI B IUIa3Me, CKa4OK YIUIOTHEHUS, PeIaKCAllMOHHBIN CJIOHN, U3J1 yUeHHE yAapHBIX
BOJIH, HEJINHEWHBIE BOJIHBI TETUIONPOBOIHOCTH. TOKOBBIE CIIOU.

[Ipuknanusie mpobiaeMbl GU3NKU TIIa3MBbl

YrpasisieMblid TEPMOSIEPHBIN CHHTE3, MATHUTHOE YJIepKaHHe U HarpeB IJIa3Mbl B MATHUTHBIX
JIOBYIIKaX U MHEPLUAIbHBIX CUCTEMAaX.

I'eodpusmyeckne w acTtpodu3mdeckue IIa3MEHHBIE SBJICHUS — HWoOHOchepa 3emiw,
ME)XIUTaHETHas IJ1a3Ma, 3BE3/IbI.

[1ma3meHHbIe UCTOYHUKH H3Ty4deHUs, Ta3MenHas CBU-anektponunka.

[IpeoGpazoBanue TemmoBOH 2HEpruw B deKTpudeckyio: MI'/[-mpeobpa3oBarenn, TeIIOBBIE
mpeoOpa3oBaTelH.
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PA3JIEJ «®U3UKA ATOMHOI'O SAAPA U DJIEMEHTAPHBIX YACTHUL»

YACTH 1
1. KsanToBas Teopus Hois

1.1

1.2

OneMeHTapHbIE YaCTUIBl U MOJIS

Tunel  QyHIaMeHTaNbHBIX ~ B3aUMOJCHCTBHI:  TPaBUTAMOHHOE,  AJIEKTPOMAarHUTHOE,
cunpHOe, crnaboe. Kiaccuukanus 4acTHil: agpoHbl U JIENTOHBI, (POTOH M MPOMEXKYTOUHBIE
6o3onbl. Knaccugukanms agpoHoB, OapuoHel U Me30HB.. KBaHTOBBIE — yHcHa,
XapaKTepU3YIOIUE JJNEMEHTapHble YacTUIBl. AJJINTUBHBIE M  MYJbTUIUIMKaTHBHBIE
kBaHTOBBIe ymcna. CrmH, 9étHocTh P, C m T. M3oTommyeckas MHBapUAHTHOCTh CHIIBHBIX
Bammozeiicteuid. llomarne 00 w3oTonciuHe. COOTHOMICHHWS MEXAY AaMIUTUTYJaMu
pa3IMuUHBIX TporeccoB. KrHemaTuueckne OrpaHHYeHHMs B pEaKUHAX B3aUMOJEHCTBUS
aneMeHTapHbIX 4acthll. SU(3)-WHBapHaHTHOCTh CHIIBHBIX B3aMMOJCHCTBHH. CTpaHHOCTh M
SU(3)-mynbTumiers 2meMeHTapHbIXx uactull. CocTaBHas CTPyKTypa aapoHOB. Mojenb
IpoOHO3apsAnHBIX KBapkoB l'emn-Manna - Llgefira. Tpu moxoieHUS JENTOHOB M KBapKOB.
O606menne dopmynsr I'e-Manna - HummmpKuMel Ui KBaHTOBBIX uucen C,b u t. S-
MaTpuia. CBsi3b BEPOSITHOCTH TIPOIIecCa C MaTPUYHBIMU dJIeMeHTaMHu S-marpuibl. [IpaBmia
deliHMaHa. DeHMaHOBCKUN IporaraTop, KaJTuOpOBOYHAS MHBApUAHTHOCTD.
Komnronosckoe paccessaue. @opmyna Knelina-Hummmel 1151 ceuenusi. PaccesHue ee — ee
B KO/I. Yethipéx-hepMuoHHOE cllaboe B3aMMOACHUCTBUE. [3-pacmaa HEHTpPOHA U TUIIEPOHOB.
OcHoBBI 3mekTpocnaboit Teopun BaitnOepra-Canama. CioHTaHHOE HapyIIEHUE CHMMETPHH.
BosznukHoBeHre Macc kannOpoBouHbX 0030HOB W n Z. Helitpansubie Toku. CoiictBa W, Z-

6030H0B, pacmaael W — |v u Z — vv. Hucao coproB HEHTPHHO M3 INHPUHBI pacnaaa Z-
0030HOB B HEBHUAMMBIE MOJbl. XWUITCOBCKUI 0030H W e€ro cpoiictBa. KOHCTAHTHI CBs3U U

mmpuHa pacnaga H — |l. Beryiue koHCTaHTBI CBs3U (yHIAMEHTAJIBHBIX B3aUMOJICHCTBHIA
o1, o2, 03. OcHOBHBIE Hjeu Benukoro oobenunenus (GUT).

KBanTtoBeIe nOIs

BBenenue (narpanxeB ¢opmanusMm, cumMMmeTpuH, Teopema Herep). [lelicrBurenbHoe
cBOOOAHOE cKajsipHOe mosie. JlarpaH)kuaH, ypaBHEHHUs IOJIs, CBOKWCTBA KJIACCHYECKHUX
pewrennii. KoMiiekcHoe ckaasipHOe mose. MaccHuBHOE BEKTOpPHOE MoJie. JlarpaHkuan u
pemenns. OcobeHHOCTH 3nekTpoMarauTHoro nons. [lone J{upaka. [loctpoenue ypaBHeHMIA
JBVO)KEHUS, Y-MaTpULBI, PEJISITUBUCTCKAs] KOBAPWAHTHOCTBH, CIMHOPHOE IPEICTABICHUE
rpynnsl Jlopennia. CBoticTBa pemenuii. Jlarpanxkes ¢popmanusm. beamaccoBoe cimHOpHOE
nosne. [IpuHIUNBI KBAaHTOBAaHMUS BOJIHOBBIX Tosne. KaHoHMueckoe KBaHTOBaHUE.
OmneparopHoe kBanToBanue. IIpeacrasnenue Llpenunrepa u I'eitzenOepra. PenstuBucrckas
cxema kBaHToBaHHUsA. [lepectaHoBo4HBIE cooTHOmeHHs. KBanToBanue no ®epmu-/lupaky u
Boze-OiiHmTeitny. AMIUIMTYJa cOCTOSIHUSL B (DOKOBCKOM INpejicTaBieHnu. KBaHToBaHue
cBOOOIHOTO CcKaJsipHOTO ToJisi. KBaHTOBaHME CBOOOIHOTO MaCCHBHOTO BEKTOPHOTO TOJIA.
Oco0eHHOCTH KBAaHTOBAaHMSI 3JIEKTPOMAarHUTHOTO mossi. KBaHTOoBaHue CBOOOIHOTO IO
Hupaxa. 3apsnmoBoe conpspkenne. CPT-teopema. JlarpamxkeB ¢opmanusMm B Teopuu
B3aUMOJICUCTBYIOMKX moJieit. [IpuHIUIE TOCTpOoeHHs JarpamknuanoB. KamnOpoBouHas
cummeTpuss. Mexanusm  Xurrca. KBaHTOBaHME  B3aMMOJEHCTBYIOIIMX  IOJEH.
[Ipencrapiienne B3aUMOICHCTBHI. S-MaTpHIla, T-IPOU3BEICHUE ONIEPATOPOB, CBOMCTBA S-
Matpunbsl. Teopembl Buka. @ynkunn I'puna cBoOoanbsIx nonei. Aunarpammer @eiinmana.
Juarpammbl ®eitamana 8 KJI 1 o -reopun. Beruncienne BeposTHOCTEH ITIEPEX0I0B.
Oyuknuu ['puHa B KBAaHTOBOM TEOpHHU MOJIsl. MeTon Mpow3BOASIMNX (GYyHKIITHOHAIOB.
Mertonpl BeUHCIeHUS (EWHMAHOBCKMX HMHTErPAJIOB. Y -TPEACTAaBICHHE W METOJ
(eiHMaHOBCKUX MApaMeTpPoB. YJIbTPa(HOIETOBbIE PACXOANMOCTH IETJIEBBIX HWHTETPAJIOB.
Metonbl peryngapuszaunu. Perynapuzauus [laynu-Bunnapca. Pa3mepHas perynsipuzanusi.
CouHOpBI M Y-MaTpULBl B IPOCTPAHCTBE MPOU3BOIBHON pazMepHocTH. [Ipmmeps
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BBIUMCIICHUH (EMHMAHOBCKUX WHTETPAJioB. BBeleHHE B TEOPHUI0 TMEPECHOPMHPOBOK.
CrannmapTtHas cxema MmepeHOpMUPOBKH. Cxema BBIUMTAHUI Ha MacCOBOI MOBEPXHOCTHU B
CKasipHOW Teopuu (omgHomeTiaeBoe npuOmmkeHue). bIIX-cxema mnepeHOPMHUPOBOK.
BBeneHne B mepeHOPMHUPOBKY MHOTONETIEBBIX AuarpaMm. MeTtoa moacuéra cTeneHeu
pacxogmMmoctei. llepeHopmupyemble wu  HemepeHopMmMupyeMble Teopun. (Cxema
MHHUMAJIBHBIX  BblYUTaHui. (OCOOCHHOCTM CXEMbl MHUHHUMAaJbHBIX  BBIYMTAHUHU.
[TepenopMupOBKa B KBAaHTOBOW 3jeKTpoAuHamuke. KannOpoBouHas WHBAapUAHTHOCTh U
rmepeHopMupoBKH. ToxkmecTBa Yopaa. Beramcioenume ¢opmMdakToOpoB dBIEKTpPOHA.
Penopmanuzanuonnass =~ rpynma. PeHopMrpynnoBoe  ypaBHEHHE. Brruuciaenue
PSHOPMIPYNIOBEIX KO3 @duiueHToB.  [IpuMeHeHUss  peHOPMIPYNIBL.  AHaIU3
aCUMITOTHYECKOro moBeAeHus QyHkuuii ['puna. Teopema BaitnGepra. Bemyriue
morapudmbel.  OddekTuBHasT Macca M KOHCTaHTa  CBA3U.  Pa3HOBUIHOCTH
BBICOKODHEPTeTHYECKOTO ¢ HHU3KOIHEPTreTHYECKOTO IMOBEACHUSA. ACHMITOTHYECKAas
cBoOoxa. CnexkrpanbHble mnpexacTaBiieHus ¢yHkumii ['pura. OnrThdeckas Teopema.
[Ipencrasnenune Yemnena-JIlemana. IlepeHopMHpOBKAa COCTaBHBIX ONEPATOPOB. AHOMAIUU B
KBAaHTOBOM TEOPHUH MMOJs1. AKCHalbHAs aHOMAJIHS.

2. dusmka 3JIEMEHTAPHBIX YaCTHUL U KOCMOJIOTUA

2.1.

2.2.

2.3.

Krnaccuueckas teopust

OcHoBbl Teopuu rpynn u anreOp JIlu. HeabeneBbl rinodanbHbIE W KaJTuOPOBOYHBIC
cumMeTpuu. CIIOHTaHHOE HapylleHHWe cuUMMeTpuu. SIBineHue Xurrca B HeaOelIeBbIX
KaauOpoBOYHBIX Teopusix. CranmapTHas Moaenb (pU3MKK 371€MEHTAPHBIX YACTHLI.

KBanToBas Teopus

OyHKIIMOHATBHBIA WHTETpal B KBaHTOBOW MexaHuke. CBolicTBa (YHKIIMOHAIHEHOTO
nHTerpana. KeanroBas teopus moiis B (GyHKIMOHAIBHOH (opmynupoBke. KBanTOoBaHUE
KaTHMOpOBOYHBIX ToOJIeH B (yHKOHOHANIBHOW QopmynupoBke. llepeHopMupoBKa
KannOpoBoUYHBIX Teopuil. BRST-cumMerpun 1 ToxaecTa Yopaa.

Kocmonorus

Pannss Bcenennas n HaOmionaTenbHbIe JaHHBIE. Monens ropsdeit BeenenHoi (MeTpuka
PobGeprcona-Yonkepa, ypasaenne ®@puamana, HCTOPUs IBOIIOLUHU ropsiueii Beenennoi).
Nuadnsuus. Pazorper Beenennoii nmocne nausiuu. ®a3zoBsie nepexobl. bapuorenesuc.
PenukroBsie Heiitpuno. Hykneocunres. PennkroBoe TemioBoe uznydenue. opmupoBaHue
KPYITHOMAaCIITaOHO# CTPYKTYphI BeeneHHOM.

3. ®usuka aTOMHOTO spa

3.1

3.2.

CrpykTypa siapa

OcCHOBHBIE CBOMCTBa aTOMHBIX sijiep. [IpUHIMIBI CHMMETpUU B (U3HKE aTOMHOTO Spa.
Anepubie cunbl. Monenu saep. D¢d(GeKTUBHOE HYKIOH-HYKJIOHHOE B3aWMOJEHCTBHE B
simepHOM BemiecTBe. HeHykinoHHBIE cTeneHH cBoOoAbl siapa. [lenbpra-uzobapa B sape.
Me3onnbie TOokH. Ilpocreiimne simepHble HpeBpamieHus. TepMoIWHaMHUKA SIACPHOTO
BeniecTBa. Ma3oBbIe IEPEXOMBI.

SAnepHeie peakuuu

[locTanoBka 3amaum o paccesstHuM dactul. llomepedyHoe ceueHHe B3aUMOACHCTBUS.
LenTpaibHO-CUMMETPUYHBIN TNOTeHIMaN. llapuuanbHble aMIUIMTYIBl paccesHusl. S-
Matpuna. bopHoBckoe mpubmmxenue. Popmyna Peszepdopna. PaccessHue MenineHHBIX
yactuil. Heympyrue CTONKHOBEHHS aJApOHOB CO CIOXKHBIMH snpamu. KaHambl peaxnuu.
OCHOBBI TEOpPHUH MHOTOKPAaTHOTO pacCesHHWs Ha COCTaBHBIX pacCenBaTENsX.
JudpakimoHHOe B3aUMOICHCTBHE OBICTPBIX aaPOHOB U siAep ¢ sapamu. Monens [aybepa-
Cutenko. SlnepHble peakiuy, MPOTEKAOIINE Yepe3 CTaAUI0 COCTABHOTO sApa, U TPsIMbBIE
nporneccel. Pe3oHaHCHI B siiepHBIX B3auMoaencTBusx. [IpeacraBienrne o0 OmMcaHUM ME30H-
SIIEPHBIX B3aMMOJEHCTBUN B paMKaxX KBaHTOBOM TEOpPHH MHOTHX Tell. Meroa GyHKUMA
I'puna. PaccesHue aApoHOB Ha MAaJOHYKJIOHHBIX cHucTeMax. CnuH-OopOUTalbHOE
B3aHMOJIEVICTBHE HAJIETAIOIIUX HYKJIOHOB C siApoM-muileHbto. CrnnHOBas MaTpuia
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mioTHOcTH. MccnenoBanue CTpyKTyphl SAep ¢ MOMOIIBIO paccesHus 3IeKTpoHOB. PaccesaHue

HeHUTpHHO Ha siApax. DoTosaepHble peakuu. Peakuinyu BEIOMBaHUS HYKJIOHOB U3 AP MO

JeWCTBMEM TraMMa-KBaHTOB, DJJIEKTPOHOB U aJpoHOB. MccnemoBaHus Ha IydKax

HECTAaOMIBHBIX siAep. S npo-siaepHble B3aUMOISHCTBUS MIPU IPOMEKYTOUHBIX U BBICOKHX

sHeprusx. BzaumoneiicTtBue HecTaOMIBHBIX YAaCTHUIl U aHTHUHYKJIOHOB C sapaMHu. AJPOHHBIE

atoMsbl. [ mnepsapa. Actpodusndeckue npuiaokeHuss. OCHOBBI PEIIITHBUCTCKOU SICPHOM
dbusukm.
3.3. DkcniepuMeHTanbHas siiepHas Gpusnuka

3.3.1. OcHoBHBIE (U3NUECKUE BEIUYMHBI JUISI OMHMCAHUS SACPHBIX MPOLIECCOB. MeTOo b
CIIEKTPOMETPUM 3apsDKCHHBIX 4YacTHL. MeTon KOMIICHCAUMH JOWCHEPCHH IIPH
CO3JITaHUM CIEKTPOMETPOB. UEpEeHKOBCKHE IETEKTOPBHI IOIHOTO IOTJIOMIEHHS.
IToporoBsle 4EepEeHKOBCKHE IETEKTOPBI U KOJIBIIEBBIE YEPEHKOBCKHE IETEKTOPHI.
CrnexTpoMeTpusi HEUTPaJIbHBIX ME30HOB. /leTeKTupoBaHuEe M CHEKTPOMETPUS MIOOHOB
BBICOKOM »dHepruu. MeTonbpl NONY4YEHHs IIyYKOB IMOJSPU30BAHHBIX YacTHIL.
[Tonsipu3oBaHHBIE W OPUEHTUPOBAHHBIE SJAEPHBIE MUILIEHH. YCTAHOBKH JUIsS
HCCIIeIOBaHUsL POXKACHUS MU-ME30HOB. MeTOJauKa HCCIIeIOBAaHUS paccestHus MH-
ME30HOB siipaMy. BpeMeHHbIe 0COOCHHOCTH TPU OOJIBIINX MHTEHCUBHOCTSX ITYYKOB.
YcTaHOBKH ¢ BBICOKO# reomerprueckoil addexkrnBHOCTRIO. CO3MaHNE YCTAaHOBOK IS
HW3yYEHUS CTONKHOBEHUN PEISTUBUCTCKUX SIAED.

3.3.2. SlmepHple peakMu Ha ITyYKaxX TraMMa-KBaHTOB. MeETOIBl MOHOXPOMAaTH3aIluu
(OTOHHBIX IMyykOB. B3anmozeiicTBiE JIEKTPOHOB C SAPaMH IPU CPEIHUX M BBICOKHX
sHeprusx. OnpejeneHne pagnuycoB saep, MIOTHOCTU U GopMel siaep. PezoHaHcHbIE
SIIEPHBIE PEAKLUU Ha IIydKaxX IPOTOHOB IPOMEXKYTOUYHBIX 3HEpruil. Bzaumoneincreue
MU-ME30HOB C sApaMu. V3yueHre NMHOH-HYKJIOHHBIX PE30HAHCOB B siapax. Peakuuu c
MOJSIPU30BAaHHBIMU YacTHUIIAMUA. MeTOJbl MONIYyYeHHs] MYYKOB MOJSPU30BaHHBIX
NPOTOHOB U JOEUTPOHOB. MeTOAbl MNOJYYEHHUS MOJSIPU30BAHHBIX MUIICHEH.
Oco0eHHOCTH M3YyYEHHSI IPOLIECCOB C UCITyCKaHUEM HEHTPaJbHBIX IU-ME30HOB U -
Me30HOB. BBenenue B pU3uKy B3aMMOJEHCTBUS PEISITUBUCTCKUX siaep. Poxnenue
CTpaHHBIX YacCTULl MpHU CTOIKHOBEHHsX saep. lloamoporoBoe poxkaeHHe
AHTHUIPOTOHOB. POoXi€HNE BEKTOPHBIX ME30HOB IIPU CTOJIKHOBEHHH SJI€p BBICOKOMN
sHepruu. [Iporpamma moucka KBapK-TJIIOOHHOH mmia3mbel Ha yckoputene LHC,
ycranoBka ALICE.

3.4. Meron MonTte-Kapio B sinepHoil pusnke

Beenenne B meton Monte-Kapio. HenpepbIBHBIE U TUCKPETHBIE CIIyYallHbIE BEJIMYHMHBI.

Metobl MOJIETUPOBAHMS CIy4YailHbIX BEJIWYHMH C 3aJaHHBIM 3aKOHOM pacIpeleeHus.

Brruucnenue wnHTerpamoB MetomoMm Monrte-Kapmo. HekoTopwsie TUMHYHBIE 3aadd

MOJEIUPOBaHUs B siAepHOH ¢usuke. Perucrpamusi pe3yabTaToB MOJEITUPOBAHMUSL.

MopaennpoBaHHE MHOTOYaCTUYHBIX IPOLIECCOB.

4. HeiitpunHas ¢usuka n actpodusmka
4.1. ®dusuka HEUTPUHO

VYpaBuenue dupaxa. Knaccuueckas teopus cinaboro BzanMmoaeicTsus. BzanmogaeiicTeus

HelTpuHO ¢ siapamu. KBasnynpyrue B3auMoaencTBUs HEUTPUHO ¢ HykJIoHaMu. CBoiicTBa

Heiltpuno. Heynpyrue B3aumMoAeHcTBUST HEUTPUHO C HyKJIoOHamu. HeiTpuHo B

KaJIMOPOBOYHBIX TeOpHsiX cjaboro B3aumoaeucTBus. HelTpuHO U KOCMOJOTHS.

OKCIIEpUMEHTAJIbHBIC IMOMCKH OCHWIUIAIMIA HeWTpuHo. HelTtpuno B arMmocdepe.

BueaTrmMocdepHble HICTOYHUKH HEHTPUHO BBICOKUX dHEpruil. TepMosiiepHbIe peaKinu B

Henpax ComHia u HeltpuHo. HeltpuHo oT Bembimek CBepXHOBBIX. McciiemoBaHme CBOWCTB

HEUTPUHO B YCKOPHUTEIBHBIX JKCIIepuMeHTax. lccienoBaHne CBOWCTB AIEMEHTApHBIX

YaCTHUIl B SKCIIEPUMEHTAX Ha aJpOHHBIX U 2JIEKTPOHHBIX KOJIIanaepax.
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4.2.

Meroapl JeTEKTUPOBAHUS KOCMHYECKUX HEUTPUHO CBEPXBBICOKMX DHEPruil (4acTULBI U

actpodusuka)

4.2.1. Bo3MOXXHBIE MEXaHU3MBl YCKOPEHHS YacTHI [0 CBEPXBBICOKHX OSHEPTHM.
DHepreTUYEecKue CHEKTPHl M XHMCOCTaB HEPBHYHBIX KOCMHUYECKHX Jy4ew.
CBepxTspKénble YacTUIBl (MAKCUMOHBI), MUHH-YEPHBIE ABIPHI, KOCMHUUYECKHE CTPHHTH
Kak BO3MOXXHBIE HWCTOYHHUKH KOCMHUYECKHUX JIydedl CyNEepBBICOKHX HHEpPruit
(Tommomormdeckrue medekThl). Bo3MoxHas BEpXHsS TpPaHUIA DHEPTETHISCKOTO
CIIEKTpa. ACTpOoPH3NISCKHIE HCTOTYHUKN FaMMa-KBaHTOB BHICOKUX dHeprui. Jlebenpb
X-3; ramMa-kBaHThl W HelTpoHbl OoT JleOens X-3. «Fly’s eye» OJKCIEpHMEHT.
ATMOCQepHbIe MIOOHBI 1 HEHTPHUHO; OCOOCHHOCTH HX CIEKTPOB. «IIpsiMbIe» MIOOHBI
W HEUTPUHO OT pacnaja 4YapMHPOBaHHBIX YacTHIl. AcCTpodu3ndeckue UCTOUHUKH
HEUTPUHO.

4.2.2. CunbHble, 3J€KTPOMarHuTHLIC, cia0ble B3aumozercTBus. Pacmaapl wactun. CedeHus
B3aUMOJICCTBU MIOOHOB U HEUTPUHO.

4.2.3. I'myb6oxononzemMubie dkcriepuMeHTsl B FOxHoM Adpuke, Uaaun, Utanmuu, Anonuw.
bakcanckuii HeUTpUHHBIN Teneckomn. [[oMck HEUTPUHHBIX OCHWUISLMA B MOA3EMHBIX
SKCIIEpUMEHTAX.

4.2.4. «CtannapTHasi MoJenb» paHHel Bcenennoit. Pacmupenune Bcenennoit. Moaenb
®puamana. Kputuyeckas IiI0THOCTb.

4.2.5. Monens «Benrkoro o0beAMHEHUS» CUIBHOTO (I[BETOBOr0), AJIEKTPOMAarHUTHOTO H
cmaboro B3amMopeicTBuil. Macmrad oO0benuHeHnss. CBepXTHKENbIe KaaTnOpPOBOYHEIE
0030HBI. Pacniag HykiioHa. MarHUTHBIN MOHOMONb. PETUKTOBBIC YACTHIIBI U UX TTOWCK.
[IpoGnema «ckpbITOI» Macchl BeeneHHoi.

4.2.6. I'mybokoBogHOe pAetektupoBanue HeWtpuao (mpoektel NESTOR, baiikan).
AKYCTUYECKUH METOJ IETEKTHPOBAHUS HEUTPUHO CYTIEPBBICOKUX JHEPTUH (IIPOSKT
CAJIKO). PagnoBonHoBO# MeToa AeTeKTUpOoBaHus HeWTpuHO (mpoekt RAMAND B
AHTapKTHUIE).

5. YckopeHue 3apspKEHHBIX YaCTHIL

5.1

5.2.

OCHOBBI (PM3UKH U TEXHUKH YCKOPEHHUS 3apsDKEHHBIX YaCTHIL

®u3nveckre OCHOBBI YCKOPEHMS 3apsKEHHBIX YacTULl. OCHOBHBIE THUIIBI YCKOPUTENIEH U UX
oco0eHHOCTH. OCHOBBI JIEKTPOJUHAMUKH YCKOPSIOUIUX CHUCTEM. JlMHaAaMUKa 4acTHIl B
JMHEHHBIX PE30HAHCHBIX YCKOPHUTENAX. D EeKTs MPOCTPAHCTBEHHOIO 3apsja B JTMHEHHBIX
YCKOpHTENAX. JJMHaMuKa 4acTHIl B LUKIMYECKHX yCKOpUTEsiX. Pannannonnsie 3¢ ¢exTsl B
OHUKINYECKUX YCKOPUTENAX 3JIEKTPOHOB. IIpOoCTpaHCTBEHHBIN 3apsl B LUKIMYECKHX
YCKOpUTEISAX. MarHuThl yCKOPUTENEH U UX NMUTAHUE. Y CKOPSIOIUE CUCTEMBI HUKINYECKUX
yckopurene. Ilpumenenue ceepxmpoBogumoctd. HakonurenbHbele ycTaHOBKH. WHMKEKIUS
1 BBIBOJ 4acTHll. /IMarHOCTUKA ITydyKa U CUCTEMBI YIIpaBIeHUs yCKOpUTeIssMU. IIpumenenue
yCKOpHTeNeH Uil PU3nYecKux uccaeaoBanuid. [IpoekTsl yckopuTeneld HOBOTO MOKOJICHHUSI.
HoBrle (KonIeKTHBHBIE) METOABl YCKOPEHMUSL.

Bricoko4acTOTHAs 3JEKTPOJAMHAMUKA

VpaBHeHuss Makceemia. MOHOXpPOMAaTHYECKHME MOJSI M KOMIUIEKCHBIE AMILIATY L.
BonnoBoe ypaBHeHnue. IloTeHIManbl 3J€KTPOMAarHuTHOr o noJis. I1nockue BonHbl. Teopus
ckua-3pdexra. ['pannunoe ycnosue lllykuna-JleontoBnya. L{unmHapruyeckue BOJHEI.
Bo0JIHOBOIBI MIPSIMOYTOJILHOI'O M KPYIJIOrO ceueHui. BoJHOBOIBI ¢ IBYXCBsI3HOU (hopMoOi
norniepeyHoro ceueHus. [lorepu B BorHOBOAaX. MemieHHbIe BONHBI. JnadparMupoBaHHbIit
BoJIHOBOJ. Pe3onaTtopsl mpocteix hopm. O6mas teopusi pezoHatopoB. CepruuecKkue BOIHBI
1 ux Bo30yxaenue; iemma Jlopenua. @ynkuus ['prHa u HHTErpUpOBaHUE HEOJHOPOIHBIX
ypaBHeHHM MakcBeita. Bo30yskaeHue BOMHOBOJOB U PE30HATOPOB. MaTpHla paccesHusl.
HeonanoponHocTi B BONHOBOAAX M pe3oHaTopax. MeToasl TeOpuH (QYHKIHMKA KOMILIEKCHOTO
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5.3.

MEPpEeMEHHOTO B JJeKTpoauHamuke (Meron Bunaepa-Xonda-®doka, 3amaua Pumana-
luns6epTa).

JIunelinbple yckopuTenu

OO6nacti TpUMEHEHUsS JMHEWHBIX yckopurenei. OOmmii 0030p MCTOPUU pPa3BUTHA
JIMHEUHBIX PE30HAHCHBIX YCKOPUTENIECH U UX CUCTEeMBI. VICTOUYHUKU 3apsKEHHBIX YacTHIl.
Yckopstomasi cuctemMa. YCKOPSIOIIME CHCTEMBI ¢ Oerymied M CTOsS4Yei BOIHOM.
CaepxnpoBosiine yckopsromne cTpykTypsl. Cucremsl BU nutanms JIY. ['enepatopsr
yeunmurenmn  CBUY.  Kmmctponst @okycupyromass cuctemMa. BakyymHas cHcTeMa.
CunsHOTOUYHBIE JIY TSI HEUTPOHHBIX NCTOYHUKOB. [IprMeHeHne ycKkopuTenei B ssAepHOM
JHepreTuke. MeToa BCTpedHbIX MydKoB. JInHeinsie kommakinepel. ERL.

6. HccnenoBanue BemiecTna

6.1.

6.2.

6.3.

HeliTpoHHbIE HICTOYHUKH U UCCIENOBAHUS HA HEUTPOHHBIX ITy4YKax

HeiiTponHo-TipoTOHHAas MoJienb siapa. Heiitpodsl u kocMoronusi. Heltpon u «Benukoe

obwemuHeHUEY. MccmenoBanme CBOMCTB sAAep ¢ MOMOIIBI0 HeHTpoHOB. CBOWCTBa HEUTPOHA.

SnepHble peakUUH C UCIYCKAHHUEM HEUTPOHOB. DHEPreTUUYECKUE CHEKTPhl HEUTPOHOB.

3amennenne HeHTpoHOB. uddysust HeirpoHos. Jlenenne Tsxénbix saep. LlenHast peaknums

nenenus. Kackanno-ucnaputenbnblii npouecc. Kanangckuii npoekt. dotoneneHue Kak

WHTEHCUBHBI HUCTOYHUK HEUTPOHOB. Pa3Ban NeUTOHOB Ha JIETKUX sApax KaKk MCTOYHHUK

HEUTpOHOB. Peaknus TepMosAepHOro cHHTe3a. TeXHHMKa II0 BpEMEHM Npos€Ta B

HEUTPOHHBIX HccieqoBaHMsIX. OTe4eCTBEHHOE HalpaBJe€HHE B CO3/JaHUU MHTEHCUBHBIX

MMITYJIbCHBIX MCTOYHUKOB HEUTPOHOB. VIMITyNbCHBIE HCTOUHUKHM MEJJIEHHBIX HEHTPOHOB Ha

OCHOBE YCKOpPHUTEIEH MPOTOHOB M OTPUUATEIBHBIX MOHOB Boaopoza. IlepBoe m BTOpOE

[TIOKOJICHUS] UMITYJIbCHBIX MCTOYHHUKOB HEHTPOHOB. ['MOpuaHbBIE CXEMBI MCTOYHHMKOB Ha

OCHOBe OycTepoB. I HWranTckme OIWHOYHBIE HWMITYJIbCHl HEUTpoHOB. lIpakTHueckoe

NpUMEHEHUE HEUTPOHOB. OCHOBBI 3KCIEPUMEHTAJIBbHOU TEXHUKHU. J(OmyCTHMBIE O3BI

H3J1y4YECHHU.

B3aumoneiicTBUe U3IyUYEHHUS C BELIECTBOM

6.2.1. [IpoxoskaeHue TsHKENBIX YacTHIl Yepe3 BEHIECTBO: COOTHOIIEHHE MEX]y MPOoOeroM U
JHEPTHE; CBs3b MEXKJy IOTEepsSMH dHEPrHU W HOHU3alMei; pazdpoc mpoberos,
ompeJielieHue CpeHero mpodera Mo KCTPanoJupPOBaHHOMY TPOOery; ymnpyroe u
HEYIIPYToe paccesiHue TSHKENBIX YaCTHI] aTOMaMH.

6.2.2. TIpoxoxaeHue [3-d4acTui] 4epe3 BEIIECTBO: MOTEPH JHEPrUU; UHTCHCHUBHOCTh M
YIIIOBOE paclpeielieHue H3IY4YeHUs], HCITyCKaeMOro OBICTPBIMH 3JIEKTPOHAMM;
BTOPUYHBIE 3JIEKTPOHBI; YIIPYTO€ paccessHUe 3JEKTPOHOB aTOMaMH; MHOTOKpaTHOE
paccesiHUe 3apsDKEHHBIX YacTHIL; IPOXOXKICHUE Yepe3 (DONIbIY, H3MEPEHUE dHEPTUH.

6.2.3. IIlpoxoxaenne y-u3nydeHUss depe3 BemecTBO: (PoTodPdeKT; KOMITOHOBCKOE
paccesiHue; 00pa3oBaHue Map; MOJIHOE CEUSHNE TOTIOLICHHUS; ApyTue 3P HEeKThI.

Pagunanmonnsle usnyeckue ucciaeroBaHus

Kpucrammmyeckas cTpyKTypa TBepAbIX Tell. To4YeuHbIe U TPOTSHKEHHBIE TeDeKThl DHeprus

oOpazoBanusi jaedekToB. OCHOBHBIE TIPEJACTABICHHUS O B3aUMOJCHCTBUHU SJIEPHOTO

u3IydeHus ¢ BeniectBoM. [lepBuunbie mporecchl. [lepenadyn sHEprum aromaM 00IydaeMoi

cpeasl. Kackaapl atoMuBIX cMemenuil. CKOpOCTh paaWaliOHHOTO TOBPEXIEHUS B

MeTrajuiax, o0llydaeMble B ITy4YKax MPOTOHOB M HEUTpOHOB. HepaBHOBECHBIE pacTBOPHI

TOYEUHBIX e(eKTOB B 00iydaeMbIX MeTaiax. O0pa3oBaHue MPOCTEUIINX KOMIUIEKCOB.

[IpoGnema 3apoxaeHuss u pocTta kiactepoB. Kunermka auddysHoro pacnaga

MEPECHIIEHHBIX TBEPJbIX pacTBOPOB. BakaHCHOHHOE pacllyxaHHE€ METauIOB 0]

oO0nyuenueM. Kunernka 00pazoBaHus JUCIOKAIMOHHBIX ETENb B 00Iy4aeMbIX MeTalIax.

Croxactudeckue (GIyKTyallMH B OTKPBITOH JHMCCUIIATHBHON cHCTEME pagualldOHHBIX

nedexrtos. [Ipomeccsl camoopraHu3aii B MeTajulaX M CIUlaBax moj oOiydeHueM. Pemrerka

mop B obirygaeMbIx MeTamuiax. Ilpomecchl paanannoHHO-UHAYITMPOBAHHON CErperanuu B
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6.4.

crutaBax. ®a3oBble MpeBpalleHUs B CIUIaBax MHoJ OOdMydeHueM. UMCIEHHBIE METOJBI
MOJCIUPOBAHUS  PAaIWallMOHHOTO  mOBpexaeHus.  [IpobieMbl  paguanmoOHHOTO
MaTepHaJOBEACHUS SACPHBIX M TEPMOSACPHBIX peakTopoB. KitoueBbie mpoOiieMbl aTOMHON
JHEpreTuku. Bo3MoXHOCTM H3y4yeHHs Ha CTEHAAX MU SIACPHBIX HCCIEIOBATEIbCKUX
YCTaHOBKaX.

HeiirponHble MeTOABI MCCIEI0BaHUS KOHACHCUPOBAHHBIX CPEX

duznueckue MPeaNOChIKM HCIOIb30BAHMS HEHUTPOHOB B (pM3MKE KOHAEHCHUPOBAHHOI'O
coctosiHusl. OCOOEHHOCTH B3aMMOICHCTBUS HEUTPOHOB C BEILIECTBOM, BOJIHOBEIE CBOMCTBA
HeliTpoHa. SlmepHOe M MarHUTHOE paccessHue HEHTpoHOB. [[Baxnbl nuddepeHnuaibHoe
cedueHHUe paccessHus HeUTpoHOB. KorepeHTHOE M HEKOTrepeHTHOE paccesHue HEUTPOHOB.
Koppensunonnsie ¢yaknun. [IpenMymiectsa u HEJOCTATKH pPaCCESTHUS HEUTPOHOB TIO
CPaBHEHHUIO C IPYTMMH BUIAMHU H3IY4YCHHH M 4acTULl (3JEKTPOHBI, ()OTOHBI, MIOOHBI).
dusnueckue 3amayM, peliaeMble C MOMOIIBIO paccessHUusT HeWTpoHOB. OcoOEHHOCTH
HCTOYHUKOB HEWTPOHOB, HCIOJIB3YEMBIX [JIS MCCIEAOBAaHUS KOHIEHCHPOBAHHOTO
COCTOAHMUA. q)OpMI/IpOBaHI/Ie IMYYKOB HETIOJAPHU30BAHHBIX WU MOJAPU30BaHHBIX HeﬁTpOHOB.
MOHOKpI/ICTaJ'IBHBIC U BPCMAIPOJCTHBIC YCTAaHOBKHMU. OcCHOBHBIE THIEBI HGfITpOHHbIX
npuoopoB: IU(PAKTOMETPHI, CIEKTPOMETPHl HEYNPYTOro paccesHus HEHTPOHOB,
pedaeKToMeTprl, YCTaHOBKH JUIsI MajlOYIJIOBOI'O PACCESHHS, CIHUH-3XO CIEKTPOMETPHI.
OcHOBHBIE OHATHA (PU3UKU KOHICHCUPOBAHHOTO COCTOSIHUSA, BayKHBIE [JIsI HEUTPOHHBIX
nccinenopanuii: Kpucrammnueckue cTpykTypel. llpsimas u  oOpaTHas pemieTka.
KBasuuactuubl 1 35meMeHTapHbie BO30YKICHHS B KOHJACHCHUPOBAaHHBIX cpenax. Meroabl
HCCIeOBaHUsl KBa3W4acTUI. YCIOBHs Ha o0pa3le B HEHTPOHHBIX HCCIEIOBaHUIX
KOHJACHCHUPOBAHHBIX CPCA. MGTOI[I/IKa IMOJIYUYCHM BBICOKUX HaBHeHHﬁ, HHU3KHUX U BBICOKHX
TeMIepaTyp, BBICOKMX MAarHUTHBIX moyiel. CTpyKkTypHas M MarHuTHas HeWTpOHHas
mudpakroMeTprs. DKCIIEpUMEHTAIIbHAS TEXHUKA JIJIT HEUTPOHHOU Audpaknun. MeToas
aHanu3a HeruTpoHorpamm. HeilitpoHHast cnekTpockonus. OCHOBBI TEXHUKU AKCIIEPUMEHTA HA
CIIEKTPOMETpPaxX IO BPEMEHU IposeTa. TPEeXOCHBIM KPUCTAUIMYECKUUA CHEKTPOMETP:
YHUBEPCAJIbHBI HMHCTPYMEHT MCCIICIOBAHUSI CIEKTPOB 3JIEMEHTAPHBIX BO30YKIEHUI
KpHucTauioB. HeWTpoHHAast CIIEKTPOCKONHUSA C BBICOKHMM 3HEPIeTHYECKHM pa3pelIeHUEM.
Ucnonp3oBanne HEHTPOHOB JIJIsl M3YUYEHUSI aTOMHBIX KoJieOaHui. Omnpesenenne GyHKIAN
IJIOTHOCTH (JOHOHHBIX COCTOSIHUHM B BelecTBe. VccienoBaHust TUCIIEPCHOHHBIX KPUBBIX IS
¢hoHOHOB B KpHcTaymax. Vcmoiap30BaHHe HEUTPOHOB JUJISl MICCIEIOBAHUN O JIMHAMHKE
MAarHUTHOTO MOMEHTAa B pa3lIM4HbBIX MarepHanax. CHeKTpOCKONUs MarHHUTHBIX
BO30OYXACHUI B MAarHUTOYNOPSAOYEHHBIX W TNapaMarHUTHBIX cpeaax. MarHuTHbBIN
dhopmdakrop. Puznyeckue 3anadu, peuaeMble ¢ TOMOILBIO MOJIPU30BAHHBIX HEUTPOHOB.
Meroasl pa3felieHHusl SIepHOM M MarHUTHOM COCTaBJISIOLMIEH B 3KCIEPUMEHTAIbHBIX
HEUTPOHHBIX cneKTpax. IlepcrekTUBBI U HAIpaBJIEHUs PAa3BUTHUS HEUTPOHHBIX METO/IOB B
¢usuke TBepmoro Tena. Mcmons3oBaHue paccesHUsE HEUTPOHOB JIJISl UCCIIEOBAHUS CHCTEM C
CUJIBHBIMU  3JICKTPOHHBIMH  KOPPEIAIUAMU. Tsoxensie q)epMI/IOHBI, HeCTa6I/IJ'IbHaSI
BaJICHTHOCTbD, HGO6BI‘IHa$[ CBCPXIPOBOAUMOCTL, Maro€Tusm MOHWKEHHOM PasMEPHOCTH.
OCHOBHBIE HANpABJIEHUSA pPa3BUTHS HEUTPOHHBIX METOAOB HCCIIEIOBaHUS BEIIECTBA.
CoBeplIeHCTBOBAaHUE 3KCIEpUMEHTaNbHOU 6a3bl. KomImemMeHTapHOCTh C  APYrUMH
METOJIaMH.

YACTDB 2

VYpaBHenue [lypaka u ero cBoOOJHOE pelleHHE.

JlarpamxuaH ¥ KBaHTOBAaHHE AJICKTPOMATHUTHOTO TTOJIA.

S-matpuna u npasuia ®eirinmana B KO/JI.

Panmnanmonusie monpaBku B KO /1.

HudpakpacHas katactpoda u ee yCTpaHCHHE.

KanmuOpoBouHass ”HBApHAHTHOCTH B a0EJIEBBIX M HEAOEIEBBIX TECOPHUSIX.

ok wbhE
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8.

9.

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.

24,
25.
26.
217.
28.

29.
30.
31.

32.
33.

CtpykTypa cinabbix TOKOB. JleBple 3apspDKCHHBIE TOKH. YHHUBEPCAJbHOCTH cIaboro
B3aumojieicTBus. HelTpaibHble TOKH.

CrnonranHoe HapymeHue SU(2)-cuMMerpuu U reHepainus Macc (PepMHOHOB M BEKTOPHBIX
0030HOB.

Jlarpanxuan CTaHaapTHOM MOJEIH.

Teopus Benukoro o0bemrHEHU.

CynepcumMeTpus.

OKCIepUMEHTAIILHOE OTpeAciieHne daeMeHTOB MaTpuilbl CKM.

Ha6mronenue ocumurstinuii BO, Bs u DO Me30HOB.

OKCIEPUMEHTHI 110 MOUCKY OCHMJUIALMN HEUTPUHO OT Pa3iINYHBIX UCTOYHHUKOB.
OkcnepuMenTtansHoe n3ydeHne CP-napymenus B B u K me3onax.

DxcriepuMeHTabHas mpoBepka CtanaapTHO# Moaenu B oskcnepumenTax [IEPHa (yckopurenu
LEP, SPS).

CrieKTpoCKOMuUs aipOHOB, COAEPIKAILMX TSKENbBIE KBApKH.

Uzyuenne cBOMCTB tau-nentoHa. §-2 3KCIIEPUMEHTEI.

CTpyKkTypHBIE GYHKIUH U TITYOOKO-HEYIIPYroe paccesiHue.

OtkpeiTHe 6030HA XHITCA.

Macca nelitpuno. Mepapxus macc HeliTpuHo. 2beta-pacnan.

[Touck npoueccos 3a rpannuaMu CTaHIAPTHON MOJENH.

[IpoxoxkaeHne 3apsHKEHHBIX YacTUIl yepe3 BemecTBo. Monnzamnus. D¢dekt BaBunosa-
Yepenkona. [lepexoanoe u3nydeHue.

[IpoxoxaeHre 3JICKTPOHOB U (POTOHOB Yepe3 BEIICCTBO. DIICKTPOMArHUTHBIC JTUBHHU.
[IpoxokaeHue aapoHOB Yepe3 BEIIeCTBO. AJPOHHBIC JTUBHHU.

dotonerextopsl. Knaccugukanms. OCHOBHBIE XapaKTEPUCTUKUA M 001aCTh MPUMEHECHUSI.
I'azoBeie metekTopsl. Kimaccudukanus. OcHOBHBIE XapaKTEPUCTUKU M 00IAaCTh MPUMEHEHUS.
KpemuneBsie nerexktopsl. Kiaccudukanus. OCHOBHbIE XapaKTepUCTUKH U 00JacTh
MIPUMEHEHHS.

JeTexTopsl uepeHKOBCKOTo u3nydenus. Knaccupukauus. OCHOBHBIE XapaKTEPUCTUKH U
00IJ1acTh MpUMEHEHHS.

OnexkTpoMarHuTHele KajopumeTpsl. Kinaccudukanus. OCHOBHBIE XapaKTEPUCTHUKU U 00J1aCTh
MIPUMEHCHUS.

Tpexkossie nerexkropsl. Knaccudukarus. OCHOBHBIE XapaKTEPUCTHKHA M 00J1aCTh MPUMEHEHUSI.
OOuire NPUHINTIBI YCTPOKWCTBA COBPEMEHHOTO JIETEKTOpa B (PU3MKE YaCTHI] BHICOKUX JHEPTHM.
OOmire NpUHIHMITEI YCTPOMCTBA COBPEMEHHOTO HU3KO(OHOBOTO JIETEKTOPA.
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PA3JEJ «JIABEPHAS ®U3UKA>»

1. OcHoBHBIE IPOTIECCH B3aUMOJIEHCTBHS JTa3€PHOTO M3ITyYEHHUS C BEUIECTBOM
OCHOBHBIE MPOLIECCH, BO3HUKAIOUINE MPU B3aUMOACHCTBHU M3ITyUYEHHS MAJIOH WHTEHCHUBHOCTH C
aToMapHbIMU 4yacTulamMu. CBOOOIHBIN 3JIEKTPOH B IOJIE€ BOJIHBL. BO3MylleHHE CTPYKTYpBI
aTOMapHBIX YaCTHI IO JCHCTBHEM MOJIA Ja3epHOro U3Iy4eHns. MHOTO(GOTOHHBIE MPOIECCH U
(dbyHaamMeHTanbHbIe 3aKOHBI KBAaHTOBOH (hu3ukn. MHOTroQOTOHHOE BO30YKIECHHE aTOMapHBIX
yacTull. Teopus mpoiiecca HEIWHEWHOW HOHHU3ALMU aTOMapHbIX yacTull. Hepe3oHaHCHBIN
IpoIiecc MHOTO()OTOHHON MOHHM3AITHHA aTOMapHBIX YacTHI. Pe30HaHCHBIN MPOoIecC HOHU3AITHHI
aTOMapHBIX dYacTui. TyHenpbHas WOHHW3AIMS aTOMapHBIX dacTHIl. HemmHeliHoe paccesHue
JIa3epHOTO M3Iy4YeHUs aroMamu. /[aBieHne J1a3epHOro M3Iy4YeHUs Ha aTOMapHbBIC YaCTHUIIHI.
OpueHTanys MOJEeKya B IOJIe Ja3epHOro M3nydeHus. Jlucconuanys MOJNEKYN B IOJE JIa3epHOTo
n3nydenus. O0pa3oBaHue MJIa3Mbl IPU B3aUMOJICHCTBHH J1a3€PHOTO U3ITYUECHHS C Ta30M.

2. OcCHOBHbBIC TIOHSTHSI KBAHTOBOW MEXaHUKU
VYpaBuenue lllpenwarepa n wHTeprperanus BOTHOBOH ¢yHKIHU. DoTodPdeKT B aTomax.
[ToBepxHOCTHBIN U 00BeMHBIA (poTOd(PekT B MeTamnax. MHOrooToHHOE BO3OYXKICHHE U
noHn3anusi aTtoMoB. CoCTaBHBIE MaTpPUYHBIE JJIEMEHTHI, AuHammdeckuii 3¢ dext Illtapka,
TUHAMHYECKas TOJSIPU3YEeMOCTh aroMa. J[ByXypoBHeBasi cHCTeMa B PE30HAHCHOM IIOJIE.
[Mpubnuxenue Bpariaromeics Boiaubl. Yactora u ocumuisnuu Paowu.

3. CaMoBO3eiicTBHE M3YYCHHUS C BEIIECTBOM
D¢ dexTs caMOBO3JEHCTBUSI CBETa C BEMIECTBOM, (ha3oBas camoMonyisiius. HemmHelHOe
B3aMMOJICVICTBHE WHTCHCHBHOTO W3IIYYEHHUS C BeIIeCTBOM. HenmHelHas 3aBUCUMOCTH
MOJISIPU3aIlid OT HANPSHKEHHOCTH TIOJISI CBETOBOW BOJHBEI. HenwmHelHas BOCIIPUUMYHBOCTD
DneKTpoHHasT HEJTWHEHHass BOCIPUUMYHUBOCTH, 3()(PEKT KEPPOBCKOH JUH3BI, IJIEKTPOHHBII
apdexr Keppa, opuenrannonnsiii 3pdext Keppa. DIeKTpOCTPUKIIUSA, IICKTPOKATOPHUICCKHUI
adekt, TermmoBoi 3¢ ¢dexT. BriHyKICHHBIC paccesHHUs. BbhIHYXJICHHOE KOMOWHAIIMOHHOE
paccesaue (BKP). Briayxneanoe paccesaue Mannensmtama-bpmuiroona (BPMB).
Henuneitnas pedpaxius. CamodoxycupoBKa J1a3epHOro n3nydeHus. Kpurudeckas MOITHOCTD
caMO(POKyCHUPOBKH, JHHA caMo(okycupoBkr. CaMOMOIYJSUHS JIA3€PHOTO H3IYyYCHHUS B
HEIIMHEHHBIX cpe/ax.

4. Jlazepsl
bazoBas cxema nazepa. AKTUBHAs cpea, MHBEpCHas HaceleHHOCTh. CUCTEMBI YPOBHEH SHEPIHH.
TpexypoBHEBas cxema Jla3epHOW reHepalny, YeThIpexypoBHeBas cxema. CamoorpaHUYeHHBIN
repexoa, ero ocoOeHHoctH. Ilporecchl Hakaykw: OJJIEKTPOHHBIA ynap, XUMHYECKas,
razoJliHaMu4ecKkas, onrtudeckas. OcCOOEHHOCTH M OTIIMYHS ONTUYECKON HaKaYKH C TIOMOIIBIO
WHXEKIIUOHHBIX JIa3epOB OT JaMIOBOM Hakauku. ONTHYEeCKHe pe30HATOphl. BUABI pe30HATOPOB.
YcroliunBele  pe30HATOPHI,  JUarpaMMma  YCTOMYHMBOCTH  PEaJTbHOTO  pe30HaTopa.
[MnockonapanienbHbld  pE30HATOP, KOHIICHTPUYECKHH pe30HAaTOp, KOHQOKAIbHBIH U
MOTYKOH(OKANBHBIA pe30HATOP.

5. TeHepamusi KOPOTKHX UMITYJIbCOB
[punnuner renepaunn YKW. Mertoa cuHXpoHu3auuu MoA (aKTUBHOH W IacCUBHOMN).
MexaHu3Mbl  JeHCTBUA  OBICTPOrO W MEIJICHHOTO  HACBIIIAIOLIEroCsl  MOTJIOTUTE.
UckyccTBeHHBIN (O€3bIHEPIMOHHBIN) MOIIOTUTENb. KOrepeHTHOCTh MPOCTPaHCTBEHHAs U
BpEMEHHasl, METO/Ibl U3MEPEHUs U TIPUMEPBI HCIIOIH30BaHUS JIA3EPHBIX HCTOYHUKOB C PA3TUIHON
CTETIEHBI0 KOorepeHTHOCTH. OCOOEHHOCTH BPEMEHHON KOTEPEHTHOCTH H3IYyYCHUs JIa3epoB
(eMTOCeKyHHBIX ~ MMIYJbCOB  HEMpephiBHOTO  JeiicTBua.  Henuueiinpie  dpQexTh
CaMOBO3/I€HCTBUSI MHTEHCUBHBIX UMITYJIbCOB B CPEJIE.

6. JlazepHas CHEKTPOCKOIHS
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10.

11.

12.

13.

14.

15.

16.

17.

KAPC cnekrpockomnusi. CoeKTpocKonus AByX(OTOHHOTO MOTJIOMIEHHS B Cpeiax ¢ LEHTPOM H 0e3
uentpa cumMmerpun. Crnexrpockonus CKP u BKP-ycunenus (ocnabienus) B cpeax ¢ HEHTPOM
n 0e3 HeHTpa CHMMETPHH.

OCHOBBI BOJIOKOHHOM OITHKH

CtpyKTypa, OCHOBHBIE IapaMETPhl U TUIIBI BOJIOKOHHBIX CBETOBOIOB POTOUYBCTBUTEIBLHOCTh
BOJIOKOHHBIX CBETOBOJIOB M BOJIOKOHHBIE PEIIETKH IOKa3aTelss NMpesloMiieHus HennuHelHsble
SIBJICHHSI B BOJIOKOHHBIX CBETOBOJAaX BriHyx)aeHHoe kKomOuHanmoHHoe (PamaHoBckoe)
paccesiHuE CBeTa B CTEKJSHHBIX BOJIOKOHHBIX CBETOBOAAX SIBIEHHME 3JEKTPOCTPUKIUH B
BOJIOKOHHBIX cBeTOBOJaX. OCHOBHBIE IPUMEHEHUS BOJIOKOHHBIX CBETOBOOB.

HanoctpykTypsbl

UTto Takoe HAHOCTPYKTYpbI, HMX KiaccUpUKalus, camble OOIIME CBOHCTBA, CIOCOOBI
HU3TOTOBIEHUA. 110IyITpOBOAHNKOBBIE KBAHTOBBIE SIMBL. [10JIyITIpOBOAHUKOBBIE KBAHTOBBIE HUTH
n Toukd. HaHOCTpyKTypbl Ha ocHOBe yriepona (Qyiuiepensl, HaHOTPYyOkH). CrocoOsI
9KCIIEPUMEHTAIBHOTO UCCIIEA0BAHNS HAHOCTPYKTYP (ONTHKA, MATHUTOONTHKA, JICKTPOHHAS U
CTM MHKPOCKOITHS).

TeruioBoe IelCTBHE Ja3€PHOr0 U3IYYEHUS

Tepmoynpyrue aedopManuu, co3gaBaeMble Ja3epHbIM H3IydeHUeM. BrnusHue (a3oBbIx
MIePEX0J0B «TBEPI0E TEIO0O—KHUAKOCTH» Ha IMHAMHUKY J1a3epHOro HarpeBa. CTUMYIMPOBaHHbIE
JIA3€pHBIM M3JIy4YEHHEM I'E€TEpOreHHblE XHUMUUYecKHe peakuuu. JlazepHas ouucrtka. JlazepHoe
3axxuranue MetaoB. JlazepHas aOmanus. JlazepoxuMuieckoe ocaxeHHE BEIIECTBA W3 Ta30BOU
¢aser (LCVD).

@da3zoBas U rpymnIoBas CKOPOCTh cBeTa. Jucmepcusi rpynmnoBbiX cKopocTeil. @opMupoBaHue
MoKaszarelsi npeyloMiieHust B cpege. Teopust mucnepcun cBeta. HopmanbsHas u aHoMmanbHas
mucnepens. JppeKTuBHOE Moje U NOMIPU3YEMOCTh cpeabl. JuanekTpuueckas MpOHULIAeMOCTb
Y TOKa3aTeNb IPEeJIOMIICHHS CPEbI.

Ontuka metamnoB. IInazmennasa dactora. @opmyna pyae U ee NpUIOKEHUS K MIa3Me U
metaiuiam. O6o0menus Gopmyssl Jpyae. JucnepcroHHbIE COOTHOIICHUS IS IJIa3MOHOB B
MeTaiuie. [loBepXHOCTHBIE MIa3MOH-TIOISPUTOHBI.

PacnipocTpanenue cBeTa B HM3OTPONHBIX M aHM30TPOMHBIX cpenax. IlpocTpaHcTBeHHas
mucnepcusi. OMHOOCHBIE U IBYOCHBIE KpHCTaAITbl. OOBIKHOBEHHASI U HEOOBIKHOBEHHAS BOJIHBI.
Bpatmenue miockocT NoJIsipu3anyi.

Wntepdepeninonnsle siBiieHus B ontuke. [IpocTpaHncTBeHHas U BpeMEHHash KOI'€PEHTHOCTh
cBera. JIByxiydueBas m MHoroisyueBas uHTepdepeHums. Paspemaromas cuia ONTHYECKOTO
npubopa. Kpurepuii pazpemienns Penes.

Hudpakunonnelie siBiaeHus B ontuke. [Ipuanun [olirenca-®@penens. Uarerpan Kupxroda.
Hudpakuns Ppenens u Ppaynrodepa. llpenenvubie ciayyan. OCHOBBI TOYHOH TEOPHH
TU(GpaKIHH.

Pe3onaTops! 1 BOTHOBOIBI. CTOSIUME 3JIEKTPOMAarHUTHBIE BOJIHBI B pe3oHaTopax. CoOCTBEHHBIE
4acToThl KoyiebaHWW B pe3oHaropax. Pacmpoctpanenne TM u TE BoiaH B BOJHOBOJAX.
Kputnueckuit paaunyc BonHoBoaa. HrokHSA rpaHuna 4acTOT Uil PAaCHpPOCTPAHEHHUS BOJIH B
BOJIHOBO/Iax. | TaBHas BOJIHA B KOAKCHAIHFHOM BOJTHOBOJIE.

YPOBHU 3HEPTUU U CHEKTPHI BOJOPOAONON00HBIX aToMoB. @opmyna Punbdepra. Cnenuduka
BBICOKOBO30Y>KJICHHBIX COCTOSAHMH aToma. TOHKass M CBEpXTOHKas CTPYKTypa aTOMOB.
XapakTepHble MacIITa0bl SHEPTUH, YaCTOT U JUITMH BOJIH MEPEX0JI0B B aTOMaxX U MOHAaX.
OcHOBHBIE TIpeACTaBlIeHHs Teopuu Mojekyd. [lpubmmxenne bopHa-Onmenreiimepa.
DJEeKTPOHHBIE U JepHBIE BOJHOBBIE (DYHKIMH JBYXaTOMHON MOJIEKYJBI. DJIEKTPOHHBIE TEPMBI.
DHepreTU4ecKuii CrieKTp JBYXaTOMHOW MOJIEKYJbl. XapaKTepHbIe MacIITaObl YHEPTUil, YacTOT U
JUTUH BOJH Nepexo10B. JInHeHuaTsli, MoI0CcaThll U HEMPEPHIBHBIN CIIEKTPHI.
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DneKTpOHHO-KOoJIe0aTeIbHO-BpaliaTeIbHasi CTPYKTypa CHEKTPOB IBYXaTOMHOH MOJIEKYJIBI.
[TpubnmkeHus: TapMOHMYECKOTO OCHMJLIATOPA M JKECTKOI'0 poTaTopa, ux oboOmeHus. [IpaBuna
otOopa ISt 3JIEKTPOHHBIX, KOJIeOATEIbHBIX U BpaIlaTeIbHBIX IEPEXOI0B.

Atom Bo BHemHeM mone. D¢ ekt 3eemana u Llrapka. JInnetinstit a¢dext ltapka B aTome
Bozopoaa. CiaydaiiHOE BBIPOKIECHHUE U MEPEXOAHBIN CiIydai.

TepmonmHamudeckue pacupeneneHus. Pacmpemenmenus [m066ca, MaxkcBenna, bombiiMana,
[Imanka. 3akoH aeiicTByromux macc. COOTHONMICHUS JETATHHOTO PaBHOBECHS ISl YACTHI] B
TMCKPETHOM U HempepsIBHOM criekTpax. ®opmyinsl Caxa n Caxa-bonprmana. CtaTucTHYECKUN
BEC HENPEPBIBHOI'O CHEKTpA.

Crnenndurka oNTHYECKOro Auama3ona. JunonsHoe mpuommkenne. 1o B OMmKHEH 1 malbHEH
30HaX. VHTEHCHMBHOCTH JUIIOJBHOIO H3Ny4deHHs. PaznmoxkeHue mnosiell Mo MyJbTHIOJSIM.
MarHuTo-aunoibHOE U 3JIEKTPO-KBaAPYIOIbHOE N3TydeHrue. MyJIbTUIIONIbHOE U3TyUEHHE.
Knaccuyeckuii ocuuaiasaTop C 3aTyXaHMEM B TM0Jie 3JEKTpOMarHUTHOM BoaHbL. Cuia
paIvamoHHOTO TPEHWsS W KOHCTaHTa 3aTyXxaHud ocumwuisitopa. JucnepcuonHas Qopmyna
KJIACCUYECKOM AIEKTPOAMHAMUKNA Ha MPUMEPE OCLHHIUITOpPA BO BHEIIHEM Moje. JluHamuueckas
U CTaTHYecKas NoJsipu3yeMocTu atoMa. EctecTBeHHas mupuHa auHuu. Kinaccuueckoe u

KBaHTOBOEC BBIPAKCHUS IS A u &\m. JlopeHiieBckoe pacnpeneneHue UHTEHCUBHOCTH
W3Iy4YeHUs IPU PaJUAllMIOHHOM YIIUPEHUU JIMHUH.

CobcTBeHHbIe KoJebanus nosd. Pa3inoskeHne 3MeKTPOMarHuTHOTO TOJIS 10 TIJIOCKUM BOJTHAM.
l'amunpTOHOBCKMI MeToA B 3nekTpoanHamuke. Kanonmuyeckue nepeMenHnle. KBanToBaHue
CBOOOIHOTO TOJIA M3my4yeHus. [IpaBuino kommyTanuu 0000MIEHHBIX KOOPAUHAT U UMITYJIbCOB.
Omneparopsl pOXKICHUS M YHHITOKEHUsI (POTOHOB; OIepaTop 4Kcia YacTUIl. JHEPTrUs U UMITYIIbC
KBaHTOBaHHOT'O TOJIS.

KorepeHTHBIE N CKaThle COCTOSIHMS cBeTa. KBaHTOBBIE IIYMBI CBETOBOTO IOJISI B PA3IUYHBIX
KBAaHTOBBIX COCTOSHUSIX: KorepeHTHOM, N-hoToHHOM, cxaTtoMm, TerioBoM. CtaTucTuka (OTOHOB.
I'amuneTOHMaH cuctemsl: atoM + mone. Oneparop B3aMMOAECHCTBHS MMONSA C ABHKYIIUMCA
3apsanoM. OOmue BBIPaKEHUS TEOPUU BO3MYILIEHHUS MJisi BEPOSITHOCTEH OIHO(OTOHHOTO
M3JIy4YeHHs U TorjomnieHus cBeta. CIOHTaHHOE U BBIHYXKIeHHOE n3nydeHne. KoapduuneHtot
OiHmTeHa. BEposSTHOCTH M MHTEHCUBHOCTH TUIOJIBHOTO M3NMy4deHHs. [IpHHIUIT COOTBETCTBHUSL.
Cunsl  OCHWJUIATOPOB Tepexoaa. lTeopeMa O CyMMe CHJI OCHIIUIATOPOB. CHeKTpalbHOE
pacnpexnenenne koddduuuenta OHHmTeHHA. O(QeKkTUBHBIE CEYEHUS NOTJIOLIEHUs U
BBIHYKJICHHOTO U3JIy4eHUs. KOHTYypBI CIEKTpabHBIX TUHUNA. 3aBUCUMOCTb CEUEHHUH B LIEHTPE
JINHUM OT €€ MUPHUHBI. MHTErpanbHble IO JIMHUM U 110 BCEMY CIEKTPY CEUEHUS MOTJIOLIEHHS.
KosddunuenT noriomeHns cBeTa Ha CBA3aHHO-CBSI3aHHOM IIEPEXOJE.

MexaHu3MBbl YIIUPEHHUS CHEKTPAIbHBIX JUHUN. OJHOPOJHOE M HEOJHOPOAHOE YUIUPEHUS.
HonmiepoBckoe ymupeHue. Y 1apHOE€ M KBa3UCTATHYECKOE YIIUPEHUE. Y JapHOE YIIUPEHHUE
HEUTpaAIbHBIMU YacTHIIAMU (MOJENbh CTENEHHOT'0 B3aWMOJIeUCTBUA). JIOpEHIIOBCKUIT KOHTYD
JIMHWW B yJapHOM mpejene. Balickoncodcekuii paanyc u yactora. [ paHUIBI MPUMEHHMOCTH
YIApHOTO M KBa3UCTAaTHYECKOIo InpenesioB. KBasucrarndyeckoe M aHTHCTATUYECKOE KPBUIbS
JINHUH.

KBanTOBBIE (hOpMYIBI JUIsl CEUEHHUH YAApHOT'O YHIMPEHHSI M CIBHUra CIEKTPAJbHBIX JIMHUU.
Ymupenue W CIOBHI JIMHUM B Tra3ax Ha IMEpX0JaX MEXIy BBICOKOBO3OYKICHHBIMH U
c1a00BO30YKAEHHBIMA yPOBHSIMH aTOMOB. ACHMITOTHYECKHAE BBIPAXEHHS [JIs IMHUPUH U
CIBUTOB pUIOEPTrOBCKHUX ypOoBHEW. 3akoH Depmu.

Tunel CBS3aHHO-CBOOOJHBIX PJMAINMOHHBIX TIEPEXOJOB C ydacTHEM aTOMOB H MOJICKYIL.
®doTtononmzanus aroma U (oropekomOuHAIMA. POTOOTPHIB IEKTPOHA OT OTPHUIATEIHHOTO
noHa. ®Doroguccoruanus Mojekysl. CB0OOmHO-cBOOOHBIE (oTomepexoasl. TopMO3HOE
U3IIy4YEHHE DJIEKTPOHA B KYJIOHOBCKOM IIOJIE.

34



30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

VYhpyroe u Heylnpyroe paccesHue CBeTa Ha aToMax M Mojekyinax. Kmaccuueckas Teopus
yOpyroro paccestHus cBera. Jlucnepcronnasi Gpopmyia KIaCCUYECKON IEKTPOIMHAMUKY U €
npenenbHble cydan. Peneesckuii 1 ToMCOHOBCKHIA Tipesieibl. Pe3oHancHas (QayopecieH s,
CrioHTaHHOE W BBIHYXJICHHOE€ KOMOMHannoHHOe paccesHue. Popmyrna Kpamepca-I'aiizenOepra.
Paccessane na monekynax. CTOKCOBBI M aHTHCTOKCOBBI KOMIIOHEHTHI. T€H30p paccesiHusl.
[IpaBuna oTOopa mIpu paccessHUU CBETA.

Teopusa nByX(OTOHHOIO HCIYCKaHHS M IIOIVIOLICHUS CBETa. 3aBUCHUMOCTh BEPOSITHOCTH
IBYX(OTOHHOTO HUCIYCKaHHA OT YacTOT MCIIyCKaeMbIX KBaHTOB. CpaBHEHHE BEpOSITHOCTH
0THO(OTOHHOTO U ABYX(POTOHHOTO Mcmyckanus. KoappuuueHT qByX(pOTOHHOrO MOTJIOLICHUSI.
Henuneilinas nonsipuzanus BemectBa. Knaccudukanus HeTUHEHHBIX SIBICHHUM, XapaKTEepHbIC
MHTEHCUBHOCTH CBeTa. ['eHepamysi BTOPOW TapMOHHUKH. YCJIOBHS (Pa3oBOT0 CHHXPOHH3MA!
YTJIOBOW M YaCTOTHBIN CHHXpPOHU3M. llepekauka sHeprun B rapMOHHUKY B oOpaTHO. ['eHepanus
CyMMapHBIX U Pa3HOCTHBIX 4acCTOT.

[Tapamerpuueckass reHepauust M ycuieHue cBera. Ilapamerpuueckas JTIOMUHECLEHLIMS H
ycunenue. IlapameTpuueckas reHepauus cBerta. UYeTblpexBonHOBoe cMmenieHue. CBsi3b
YCTBIPCXBOJHOBOTO CMCIICHHA C U3BECTHBIMU ME€XaHU3MaMU HEJINHEHHOCTH.
B3aumoneiicTBue AByXypOBHEBOTO aToMa ¢ mojieM. YpaBHenus bioxa. Ocrumisiiuu Padu non
JeiCTBMEM MOHOXpOMaTH4YecKoro mojs. OTKIMK aToMa Ha BO3JeHCTBHUE Ja3epHOr0 UMITYJIbCa
(mnomanp ummnysbca). PotoHHOE 3X0. CaMOMHAYLIMPOBaHHAS MPO3PAYHOCTb.

KBaHTOBBIE OCOOCHHOCTH HENMHEHHO-ONTHYECKUX SBICHUHN (TeHepanus BTOPOW TapMOHUKH,
rmapamMeTpudecKkasi TeHepalus CBeTa M TEHepauus CXKaTblIX COCTOSIHUH, TeHeparus
CyOIyacCOHOBCKOTO CBETa).

CTOJKHOBUTEIBHBIE MPOLECCH. YNIPYyroe W Heymnpyroe paccesaue. D¢G(HEeKTUBHOE CEUCHHE.
Paccesnue B nienTpaiapHOM noje. OnTuueckas TeopeMa U ee CIEICTBUS IS pacCesHUs BOJIH U
yactul. Ceuenne Bo30Oyxaenus. KBasuknaccuueckoe u bopHOBCKOE MPUOIHIKEHNUS.
deMTOCeKyHIHbIE Ja3epHbIE HMITYIbCHl. DeMTocexkyHaHbIH nazep. CamodoKycHpoBKa H
dazoBass camomoxymamus. HenuneitHoe mapabonmueckoe ypaBHeHme. llpuMeHeHUs
(heMTOCEKYHIHBIX JIa3€POB.

JlazepHoe oOxJaxaAeHHE aTOMOB M HOHOB. OnNTHYecKas MaToka, AOIJIEPOBCKUN mHpened.
Cy06momnnepoBcKoe OXJIaKIeHHUE.

Mertoapl 3axBaTa 3apsHKeHHBIX dacTHll. JloBymika Ilayns. Meronsl 3axBaTa HEHTPaTbHBIX YACTHILI.
MarHuTHas1, ONTHYECKast JUIOJIbHBIC JIOBYIIKHA. MarHuTO-ONTHYECKAs JIOBYIIIKA.

dusnueckre OCHOBBI CYOBOJIHOBOH ONTHKU M MHKPOCKONHH OyrkHEro modsi. [IpoxoxaeHue
cBeTa yepe3 Masioe (a<<A) orBepctHe B 3kpaHe. Popmyna bere mist ko dunmenTa nponyckaHus
CBeTa B JaJbHIOI 30HY. [loimydeHue JOKaIM3WBAHHBIX CBETOBBIX IOJIEH B CYXAIOIIMXCS
MEeTaJUTM3UPOBAHHBIX BOJHOBOAX ¢ CyOBOJTHOBOW anepTypoi (ONTHYECKHE 30H/bI OJIMKHETO
TIOJIA).

I'ayccoBbl myuku: monepeydHasi CTpyKTypa, MPOAObHas CTPyKTypa. COOTHOLIEHHE MEXIY YIJIOM
(OKYCHPOBKH U paanycoM nepeTskku. [IpeoOpazoBanue rayccoBa mydka WaeanbHOW JMH3O0M.
Moabl pe30HATOPOB; YCIOBHE YCTOMYMBOCTH (CBS3b ¢ Mudpakmueii). YacTOThI TPOJOIBHBIX H
nonepevHbIx MoJl. CHHXpPOHM3ANNS MPOAOIBHBIX MO ((PEMTOCEKYHIHBIE CBETOBBIE MMITYJIBCHI).
CTpoeHHE BOJOKOHHBIX CBETOBOJIOB; OJHOMOJOBBIE W MHOTOMOJOBBIE CBETOBOJBI.
D¢ exTUBHBII BOTHOBON BEKTOP; [UIMHA BOJIHBI OTCEUKH. [I[pHUMHBI OTEph W3Iy4YEHUS.
IIpunuun neficTBus J1a3epoB. MeToibl CO3JaHUsI HHBEPCUN HACEJICHHOCTEN. PestakcalimoHHblie
nporuecchl. lllupruna muann nepexona. Koaddunment yeunenns. ek HachIeHus.

OnHo- 1 MHOroOTOHHasE MOHHM3ALUsS aTOMOB M MoJieKyJ. TyHHenbHas M HagOapbepHas
HNOHMU3AIMA aTOMOB 1 HOHOB.

MHorodoToHHas Trcconualus MOJICKYJl B Ja3epHoM moiie. JlazepHoe pasjienieHue H30TOIOB.
Onruyeckoe CTUMYJIMPOBAHUE XUMUYECKUX PEAKIIUMN.
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4. Kutrens. Beenenune B ¢pusuky tBepaoro tena. M.: Hayka, 1978.

P. Hokc. Teopus skcurtoroB. M.: Mup, 1966.
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M®TH, 2002).

M. bopH, D. Bombd. OcuoBsr onrtuku. Hayka, Mocka, 1970.

C.A. AxwmanoB, C.FO. Hukutun. ®usmueckas ontuka, (M3marenbcTBO MOCKOBCKOTO
VYuusepcurera, Mocksa, 1998).

JLA. JTanmay, E.M. JTudmmn, Ksantosast mexanuka (Hayka, Mocksa, 1974).

JLA. Jlanpay, E.M. JIupmmu. Teopus nons (Hayka, Mocksa, 1973).

JLA. Jlanpay, E.M. Jludumn. Cratuctuueckas ¢usuka (Hayka, Mocksa, 1976).

JLA. Jlannay, E.M. Jludumu. Dnexrpoaunamuka cruomibix cpen (Hayka, Mocksa, 1982).
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criekTpanbHbIx TuHUi (Hayka, Mocksa, 1979).

C.A. Axwmanos, P.B. Xoxios. [Ipo6nemsr HenuHeliHON onTuku, Mocksa, 1964.

B.I1. BeikoB, O.0. Cunuues. JlazepHbie pe3oHaropsl, Pusmariut, Mocksa, 2003.

J.H. Kisiko. ®otonsl 1 HenuHeiHas ontrka, (Hayka, Mocksa, 1980).

W.P. lewn. Ipunumns! Henuueitnoi ontuku, (Hayka, Mocksa, 1989).

JI. Annen, [Ix. D6epmu. OnTrueckuii pe3oHaHC U IBYXypOBHEBBIE aToMbl, (Mup, Mockaa,

JI. Mapkyse. Ontuyeckue BoaHOBOAbI (Mup, Mocksa, 1974).

H.B. Kapinos. Jlekiuu o kBaHTOBO# dsiekTpoHnke. M., 1988

0. 3senrro. IMpuniune azepos. M., 1989

J.H. Knbiiko. ®usnveckre 0OCHOBBI KBAHTOBOM 3J1eKTpoHHKH. M., 1986

B.C. Jleroxog, B.II. UeOoTaer. [IpuHinIbl HEMHEHHON J1a3epHOU criekTpockonuu. M., 1990

JlonosiHMTe/IbHAS JINTepaTypa
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2000).
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Mocksa, 1987).
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A. Spus, I1. FOx. OnTryeckue BoHBI B KpucTawiax, (Mup, Mocksa, 1987).
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PA3JEJ «TEIIVIO®PU3UKA U TEOPETHYECKASA TEIVIOTEXHUKA»

1. OOmas cucrema ypaBHEHUH ABIKEHUS THAPOAMHAMUKA U TEIUIONEPEHOCa. HIleallbHAs KUAKOCTh
1.1. IlpenMer rUAPOAMHAMUKH. 3aKOHBI COXPAaHEHHS MacChl, UMITyJbCa M dHEPruu. BrIBOA
oOmel cucreMbpl YpaBHCHHH ABWKCHUS HEHACATbHOH JKUAKOCTH (ypaBHEHUH
HemnpepbiBHOCTH, HaBhe-CToKca 1 TemonepeHoca). [ paHU4HbBIC YCITOBUSI.
1.2. UneanbHass sxunkoctb. CuctemMa ypaBHEHHH JBWUXKEHUS W TPaHUYHBIC YCIOBUS.
I'mopocraTtuka. U3sHTponudeckue TeueHus. 3aBUXpeHHOCTh. Teopema TomcoHa.
1.3. llorennunanbHOoe  TeueHWe. Hecxkumaemasl KHAKOCTh.  YpaBHeHHe  bepHyuu.
IloTenumansHOE OOTEKaHNE HEC)KUMaeMOH KUIKoCcThIo. [lapamokc JlamamoOepa.
1.4. YcnoBusi TPUMEHHMOCTH TPUOIMKEHAS HECKUMAEMOM KUIKOCTH. | paBHTAIlMOHHBIE
BOJIHBI. 3BYK.
2. Bszkas Kumkocth
2.1. Ypapuenne HaBne-Crokca. 3agaun O MPOCTEHIIMX THUIAX TCUCHHS BSI3KOH KHUIKOCTH.
[TyaseiineBo TeueHne. KonedarenpbHOE NBUKEHHUE BI3KOH )KUIKOCTH.
2.2. 3akonsl momodbus. Yucna Peitnonsaca, @pyna u Crpyxana.
2.3. Teuenus npu manbix uuciax PeiiHonbaca. @opmyna Crokca.
2.4. JlamuHapHbIC TEUCHUS NMPHU O00JIbINKX Ynciax PeliHonbaca. JlaMuHapHbIi cien. 3aTorieHHas
cTpys. JlamuHapHbIi orpaHudHbIN cioi. Cuila COMPOTUBIICHUS.
3. TypOyneHTHOCTH
3.1. 3amaua 06 yCTOWYMBOCTH CTallMOHApHOTO nBMxkeHus. HeycroitunBoctu Panes-Teitnopa u
KensBuna-I'enemromnena. [lepexon k TypOyIeHTHOCTH.
3.2. Pa3Butas typOynentHocts. Mogens Konmmoroposa-O0yxoBa.
3.3. TypOynentHas ctpys. TypOyneHnTHbli cien. Jlorapudmudeckuii npopuias CKOPOCTel npu
TypOyJIE€HTHOM TEYEHUH BJOJIb HEOTPAHUYCHHON TIIOCKOM TOBEPXHOCTH.
3.4. TypOynenTHbIii morpanudHblii cinoi. TypOyneHTHoe Teuenue B TpyOax. Kosddunuent
conpoTtuBieHus. Kpusuc conpoTusiieHus Ipu TypOYJICHTHOM OOTEKaHWUH TBEPIBIX TEl.
4. TIoBepXHOCTHBIC SIBICHUS
4.1. ®opmyna Jlamnaca. MexaHn4eckoe paBHOBECHE COINPUKACAIOIIUXCA TeTl.
4.2. Kanwmnsipaele BOJIHBL. PaccacblBaHWe TIEPHOJUYECKH MOJYJIUPOBAHHOTO MTPOQHISL
MTOBEPXHOCTHU JKUJKOCTH.
5. TenumonepeHoc NpH BBIHYKIIEHHON KOHBEKIUH
5.1. YpaBHeHue nepeHoca Teria. TermionpoBoaHOCTh B HEC)KUMAEMON JKUAKOCTH. KOHBEKIHS.
5.2. 3akoH momo0ust s Terutonepenayu. Temnonepenadya B IOrpaHuYHOM ciioe. TypOysieHTHbIE
MTyJIBCAIN TEMIIEPATYPHI.
5.3. TemiooOMeH TpU TaMUHAPHOM TEUYEHHH B TPYOax W KaHaJax.
5.4. TemooOMeH Tipu TypOYJIGHTHOM TEUEHHH B TpyOax M KaHajax.
6. CB00OOAHAS KOHBEKIIMS B )KHIKOCTH 0€3 BHYTPEHHHMX HCTOYHUKOB TEILIa
6.1. TeruioBoe pacmiupenune. CBOOOJHAs KOHBEKIMSA. 3aKOHBI MMON00HUsA. JlamMHHApHBIN
CBOOOJHOKOHBEKTHBHBIN MOTPAHUYHBIN CJION HA BEPTUKAIBHOMN CTEHKE.
6.2. TypOyJieHTHBIH CBOOOJIHOKOHBEKTHBHBIN MOTrpaHUYHBIA C0¥. CBOOOTHOKOHBEKTUBHBIC
CTPYH.
6.3. KoHBeKkTHBHAsI HEYCTOHYHMBOCTh TOPH30HTAILHOTO IUIOCKONAPAJIIEIBHOTO CJIOS JKUAKOCTH,
noxorpesaemoro causy. Konsekuus Panes-benapa.
6.4. TypOynentHas kouBekuusi Panes-benapa. Msrkas u xectkasi TypOyJI€HTHOCTb.
6.5. TermiooOMeH, conpoBoOXKAaEMBbIN (a30BBIMU MPEBPALLCHUAMH. PainaoHHbIH TEMI000MEH.
7. TemnooTnaya SHEPrOBBIACISIONICH XUIKOCTH (IBIK)
7.1. MeTtonpl W COBpPEMEHHOE COCTOSIHHE wuccienoBanuii Ttertootaaun OBXK. Merog
AHAJIUTHUYECKUX OLECHOK.
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7.2. Pexxumsr temoornaun DOBXK. Termnoornaua B aCUMITOTHYECKOM PEKUME.

7.3. IlpenenbHbIe YriIOBBIE XapaKTEpUCTHKU Terutootaaun DBXK.

7.4. Ternootnada DBXK B KkBa3uABYMEpPHOU TeOMETpPUH.

7.5. OcoOEHHOCTH TEIUIOOTAAYN OCTHIBAIOIICH JKUAKOCTH 0e3 BHYTPEHHHX MCTOYHHMKOB TeIlIa B
KBa3UCTAaLlMOHAPHOM pEeXUME.
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PA3JIEJ «I[IPUBOPbHI 1 METO/Ibl SdKCIIEPUMEHTAJIbHON ®U3UKWN»

1. MGTOI[I)I HU3MCPCHHUA OCHOBHBIX (1)I/I3I/IIIGCKI/IX BCIIMYHH

1.1

1.2
1.3.

1.4.
1.5.
1.6.

1.7.

1.8.
1.9.
1.10.
1.11.

Metobl U3MEPEHUST BPEMEHH, IMOTPEITHOCTH U3MEPEHUM, 3TANOHBIL. Y4ueT 3(P¢heKToB
o011e#l TeopuH OTHOCUTENHFHOCTH (3aBUCUMOCTH X0/1a YaCOB OT YCKOPEHHS U TPaBUTAIINN ).
Nsmepenne wactor B paanoananazoHe. CTaHAAPTHI YacTOTHI.

MeTo/bl B MOTPENTHOCTH U3MEPEHUH KOOPINHAT, YTJIOB, IITUH. MUPOBBIE CTAaHAAPTHI U
3TaJOHBI.

MeToapl U3MEpPEHHS] TEPMOAMHAMUIECKIX BEJIMUHH.

Pamnocnexrpockonmst (3dhdexT 3eemana, sASpPHBI MarHATHBIA pe30HAHC, TOMOTpadws).
DIIeKTpPOMarHUTHEIE W3MEpPEHHs (CIIOCOOBI PETHCTpalii PaJgHuOU3IyUYCHHS, METOJIBI
pETUCTpaIy B ONITHYSCKOM JThamna3oHe: GoToauo b, (POTOYMHOKUTEIH, YSPECHKOBCKHE
JIETEKTOPHI).

PerucTpariuss yactuir M paguoOaKTUBHBIX W33IIyYCHUN (MOHU3AIMOHHBIC KaMeEpHI,
razopaspsigHble CYETYHKH, IPOIOPIHOHAIbHBIE CUETYNKN, CTPUMMEPHBIE U HUCKPOBBIE
KaMephbl, TMOJIYIPOBOJIHUKOBBIC JACTCKTOPHI, CHUHTHUISIIMOHHBIE CUCTUYUKH, Ty3BIPHKOBBIC
KaMephbl, Y4epEHKOBCKUE CUETUUKH, SIEPHBIC (POTOIMYITbCHH).

[IIymbl ¥ IOMEXH MPH U3MEPESHUU IJICKTPUICCKUX, aKYCTUYCCKUX U ONTHUYECKUX BEITHYUH
Huddepenumanbupie, THTEPPEPOMETPUIECKUE U APYTHE METOABI H3MEPEHUH.
HanorexHonoruu B M3BMEPUTEIIBHON TEXHUKE

JozumeTpudeckue W3MEPEHUsT W JO3UMETPUYECKHEe eAUMHUIEI; KO3 (OUIIMEHTHI,
YYHUTBIBAIOIINE BIUSIHUE paJMAI[UU Ha JKUBBIC OPTaHU3MbI, SKBUBAJICHTHAS J034.

2. H3amepenus

2.1

2.2.

2.3.
2.4.

2.5.
2.6.

2.7.

2.8.

Cucrtemsl enmauil. Exmnas cucrema emnmHunl (CHU). YHUBepcalbHBIE TOCTOSHHBIE U
€CTECTBEHHBIE CHCTeMbI eAMHUIL. [[pON3BOIHBIC €AUHUIIBI U CTAHAAPTHI.

[IpsiMble, KOCBEHHBIE, CTAaTUCTHYECKHE U AMHAMHYecKHe wu3MepeHus. OueHkH
MOTPEIIHOCTEH KOCBEHHBIX M3MepeHuil. YcioBHble m3Mepenus. [Ipobiema koppensiuuii u
ypaBHOBEUIMBAHUE YCIOBHBIX U3MepeHUH. [[puHIMIManbHbIe OrpaHUYCHHS HA TOYHOCTD
n3MepeHuit (Pu3nIecKrue mpeIelnsl).

Mertoabl u3MepeHnid PU3MYECKUX BEJIHMYMH B MCCIEAyeMOl o0nacTi (QU3HKH.

OCHOBHBIE PUHITUIIBI IOCTPOCHHUSI IPUOOPOB JIJIsi U3MEPEHUH (U3HUECKUX BEITUYUH B
3aJaHHOM 00NacTh PUBHKH.

OyHaMeHTaNbHBIE ITYMbI B U3MEPUTEIBHBIX YCTPOUCTBAX.

TerutoBoii mrym. ®opmyna Haiikeucra. Teopema Kannena—Benbrona. J[po6oBoii mym B
ANIEKTPOHHBIX U ONTHYeCKHX nmpudopax. [ymer 1/f.

KBanToBbIE 23 QEKTHI B (U3NUECKUX U3MEPEHHAX. Y CIOBUS, KOTJa KIACCHYECKUH MOJIXO/
CTAaHOBUTCS HEITPUMEHUM.

CooTHouieHus HeompeneneHHOCTH. Ponb 00paTHOro (iIyKTyauMOHHOTO BIIUSHUS
npubopa. CtaHgapTHBIE KBaHTOBBIE Mpelenbl. KBaHTOBbIE HEBO3MYILAIONINE H3MEPECHUSI.
KBaHTOBBIC 3TaOHBI eAMHUIL (U3NUECKUX BeauuuH (rpumepsl). DddekT Ixozedcona u
CBEPXMPOBOASIINE KBAHTOBbIE HHTEP(PEPOMETPHIL.

3.  Kpurepun To4HOCTH M3MEPEHUI

3.1.

3.2.

3.3.
3.4.

Crnyyaitnbie coObiTus. [loHSATHE BEPOSITHOCTH. Y CIIOBHBIE BEpOsITHOCTU. PactipeneneHue
BepoATHOCTHU. [[1OTHOCTH BEpOSITHOCTU. MOMEHTHI.

CrenualibHble paclpeeicHrus BEPOSTHOCTEH M HMX HCIOJb30BaHUE B (HU3HKeE.
bunommanpHOE pacmnpenenenue, pacupenenenue Ilyaccoma (apoboBoit  1IyMm),
SKCIIOHEHLHaIbHOE pacnpeaencHue. HopmanbHoe pacnpeneneHue U IEHTpalIbHas
npeaenabHas Teopema.

MHoroMepHsble pacnpeeneHus BeposTHocTed. Koppensuuu ciydallHbIX BEJIWYUH.
CityyaiiHple TPOIECChl. proaudHocth. KoppensnuonHas QyHKIHS CIIy4aHOrO
npouecca. CTalMoHapHbIe cllydaiiHble pouecchl. CrekTpanbHas MI0THOCTh. Teopema
Bunepa—XuHnuuHa.
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3.5. Onenka mnapameTpoB CIIy4ailHBIX BEIHYHMH. BbBIOOpOUYHBIE CpeHHE W TUCIEPCHH.
Bri6opounsie pactipenenenus.t- pacupeaeneane CThIOICHTA, (2- pacupeeiicHue.

3.6. OmnpexneneHve cCpeAHMX 3HAYECHUU H3MEPSEMBIX MapaMeTpOB M HMX MOTPEHTHOCTEH B
MIPSIMBIX U KOCBEHHBIX H3MEPEHUSX.

3.7. TexHuKa OLICHKH IMapaMETPOB MPU Pa3HBIX PACIPEACICHUIX TOIPEIIHOCTEH H3MEPEHHMIA.
CpenHue u BepOSITHbIE 3HAUCHMsI IEPEMEHHBIX. TeXHHMKa OLICHKU IapaMeTpoB IpHU
ACUMMETPUYHBIX pacmpefeieHusix mnorpemHocteii. CyMMUpOBaHUE PE3yJIbTaTOB
pasnuuHbIX u3MepeHuid. PobactHbie onenku. [lapaMerpuueckue n HemapaMeTpuIecKue
OLICHKHU.

4. Meronsl ananu3a HU3NIECKUX U3MEPEHHIN

4.1. Awnanutnyeckas anmpoKCUMalus pe3yabTaToB U u3MepeHuil. aTepmonsus (uHeinas,
KBaJpaTU4YHasi, KyOm4eckas u T.II.).

4.2. ®ypwe-ananus. [uckperHoe npeobdpazoBanue @ypre. bricTpoe mpeodpazoBanue Oypee.
BoliBneTHbIN aHAIU3.

4.3. Craructuueckas npoBepka rumnores. Kpurepuu coriacust 1 MeTOABI X UCTIOIB30BaHHUS.
Kpurepuii x2, Cmupnosa—Konmoroposa, Konmoropoga.

4.4. llpsmeie u oOpaTHbIe 3amaun. HexkoppekTHble 3amaun. OOpaTHBIC 3a4a9H MIPHU aHAIIA3E
pE3yJIbTATOB U3MEPEHUN U METOJABI UX PELICHUS.

4.5. Merox MakCUMaIBHOTO MPABAONONO0US U €T0 IPUMEHEHNE.

4.6. Meron HaMMEHBIINX KBaJPaTOB.

5. MonenmupoBanne (HU3MUECKUX MPOIIECCOB

5.1. AHajnuTHYEeCKOe ONMHCaHue (PUINUYCSCKUX MPOIIECCOB.

5.2. TlnaHupoBaHHE SKCIIEPUMEHTA, BEIOOP METO/Ia M TEXHUYECKUX CPEJICTB, METO/IbI OLICHKHU
OKNAACMbBIX PE3YJIbTATOB U UX HOFpCHIHOCTeﬁ.

5.3. Merox cTaTUCTHYECKUX MCIBITAHUH, METOAMKA €Tr0 MPUMEHEHUS.

5.4. MU cmonb3oBanue mMojeneil (PU3MYecKUX MPOIECCOB.

5.5. VYder BiusaHUA TpUOOpa Ha pe3yNbTaThl U3MEpPeHHI. MonennpoBaHue ¢ y4eToM
0COOEHHOCTEH HCTIOb3YEeMbIX IETEKTOPOB.

6. ABromaruzalus SKCIEPUMEHTA

6.1. CoznaHne KOMIUIEKCHBIX ycTaHOBOK. OOmue tpeboBanus. O0paboTka HHPOPMAIIHK «B
nuauo» (on-line).

6.2. CnocoObl mpeoOpa3oBaHusl U3MEPEHUN AJIs Iepejadyn Ha 3HAYUTEIbHbIE PACCTOSHHUS.

6.3. KoHTposb npoieccoB U3MEpEeHUil B peaJbHOM BPEMEHHU.

6.4. CnocoOsl BbIBOJIa HH(POPMALMK B PeaIbHOM BpeMeHd. HakomieHne sKcrepuMeHTaIbHbIX
JAHHBIX, CO3aHue OAHKOB TaHHBIX.
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PA3JIEJI <ACTPO®U3UKA U 3BE3THASL ACTPOHOMMUS»

1. OOGmas JacTh: acTpoMeTpHs, HeOeCHas MEXaHHUKa

1.1
1.2.

1.3.

OCHOBBI MEXaHUKH JBHKCHUSI.

3aKoH BCEMHUPHOI'O TATOTCHUA, 3aKOH Kennepa. 33}'[3,1{3, ABYX T€JI, TUIIbL I[BI/I)KGHI/II‘/'I B 3a1a4€
2-xX Tea. DIeMEHTHI Op61/IT. Ilonstue o BO3MYIIAOIIKUX CUJIAX B 3a/ja4€ IBYX TCIJI.
I[BI/I)KCHI/IC HNCKYCCTBCHHBIX CITYTHUKOB 3eMin u XapaKTCPpUCTHUKU UX Op6I/IT.

2. Hekoropsle 00IIKe BOMPOCHI aCTPOHOMHU

2.1

2.2.

2.3.

OmnpeneneHre OCHOBHBIX IIJIOCKOCTEH: TOPU30HTa, HEOECHOI'O SKBATOPAa, SKIUITUKH,
rajakTuyeckoro skBaropa. Cucremsl HeOecHbIX KoopauHat. [lpeneccus, HyTamms,
abeppauus (cyrouHas u roguysas). [IpuHnmier nocrpoeHus cucreM koopauHat. [IpuHIuIEL
THPOCTA0MIIN3AHA U aCTPOOPUEHTAIMH KOCMUYECKUX MPUOOPOB (TMPOCKOIIBI, 3BE3IHBIC U
COJTHCUHBIC TaTIUKH).

Omnpenenenue BpeMeHU. BceMupHoe BpeMms, 3B€3THOE BpEMsi, COIHEUHOE BpeMsi (HCTHHHOE,
cpenHee, MOsICHOE, AEKPETHOE).

OcHOBBI MaTeMaTHuecKod cratucTuku. Pacmpenenenust Ilyaccona, I'aycca. Meroasl
[IPOBEPKH TMIIOTE3 U OLIEHKHU NapamMeTpoB. MeToa HauMEeHbIINX KBaapaToB. Beruncnenue
CpeIHEKBapaTUIHbIX OTKIOHeHHH. [leperoc ommobok.

3. HaOmonaTensHbie U AKCIIEpUMEHTAEHBIE METOBI aCTPO(MU3UKH

3.1

3.2.

3.3.

3.4.

3.5.

3.6.

AcTpoHOMHUECKas ONTHKA. AOeppaluy ONTHYECKUX CUCTEM. TeslecKombl U UX OCHOBHBIE
napaMeTpsl (pa3pelrarolnas CiocCOOHOCTb, M0JIe 3peHus, MpoHunamas cuia). OCHOBHbIE
TUIBI TENECKOIOB (pedpakTopbl, pedIeKTOPsl, 3ePKabHO-TMH30BbIE CHCTEMbI, TEJIECKOIIBI
C aIaNITUBHOMN ONTHUKO# ). THUITBI MOHTHPOBOK TEIIECKOTIOB. ACTPOKINMAT.
Pannoreneckonbl. OCHOBHBIE THIBI AHTEHH (JIUIONb, PYHOp, 3€pKaJbHBIE AHTEHHBI,
peleTKy, aHTeHHBI anepTypHOTro cuHTe3a). OCHOBHBIC MapaMeTphl aHTeHH (3 PeKkTuBHAS
IIouiap, JUarpaMma HalpaBlIeHHOCTH, IIyMOBas TeMmieparypa). PagnoactpoHomuueckue
npueMHUKU. PaguomMerpudeckuil BEIMTphII. bonoMeTpuueckuii U reTepoAUHHBIN IPUEM B
panuo u UK- nuamazonax.

OcHOBHBIE  mapaMeTpbl  CHEKTPalIbHBIX  NPUOOPOB  (paspelieHue, CBETOCHIIA,
reomerpuueckuii ¢axtop). CeerodunbTpsl. [Ipu3mMeHHble criekTporpadbl U CIEKTPOMETPHI.
Hudpaxkuronssle crieKTpanbHbie TpuOopsl. [1nockas u BorayTtas AndpakurOHHBIE PEILIETKH.
[IpueMHUKH ONTHYECKOTO, YyIBTPaQHOIETOBOTO H HWH(PPAKPACHOTO  H3IITYUCHHUSI.
dotorpaduueckas smynbcus. Portoanexkrpuueckue npueMHUkH. [13C marpuupl. Ternossie
npueMHUKH. OCHOBHBIE TapaMeTpbl MPUEMHUKOB (YyBCTBUTEIBHOCTb, CHEKTpaJbHAs
XapaKTepUCTUKA, LIYMbl, YACTOTHAs XapakTepHCTHKa). DaKTOphl, OrpaHUYUBAIOIINE TTOPOT
0oOHapy>KeHHsI CUTHaJIa B Pa3HbIX AHarna3oHax.

Meroabl BHEaTMOC(hepHO# acTpoHOMUH. [[eTeKTOPHI U ONTHKA ISl yIbTPadruOIeTOBOTO U
PEHTI'€HOBCKOT'O THANa30HOB (IIPONOPLUOHAIBHBIE CUETUYMKH, MUKPOKAHAIbHBIE MJIACTHUHBI,
TEJIECKOIbI KOCOTO MaJIeHHs, COTOBBIE M MOJIYJISIIMOHHBIE KOJJTMMATOPBI, TEJIECKOIbI C
KoJIupoBaHHOU amnepTypoil). IlomynpoBonHukoBbele neTeKTOPbl. CHUHTUIUISILIMOHHBIC
netekTopsl. TBeproTenbHble (TepMaHueBble) AeTekTopbl. Kamopumerpsl. VckpoBble Kamepsl
JUIsl raMMa- JUala3oHa.

N3mepenus TEMIIEPATYPBI IIOBEPXHOCTU IUIAHET (UK-pagnomeTpus,
paguoacTpoHOMHYECKHE MeToAbl). Vi3Mepenus AaBieHus], IIIOTHOCTH U TEMIIEPaTyphl B
IUIAHETHBIX aTMocdepax ¢ TIOMOIIBI0 KOCMHYECKOW TeXHUKH (TMPSMbIE METOIbI,
TOPMOXEHHE UCKYCCTBEHHBIX CITyTHHUKOB, CIIEKTPOCKOIUSI, PaIMOIIPOCBEYNBAHUIE).

4. OGmuras actpodusnka

4.1.

3Be3/bl: NIKaja 3BE3/JIHBIX BEIIMYWH, oToMeTprdeckue cucteMbl, cuctema U, B, V u ee
IpOoaAOJIKEHUEC. BI/I}II/IMBIG 1 a0COJIFOTHEIE 3BC€3IHbIC BCJINYUHBI. MeTOlII)I ONpEaACICHUA
paccrosiHuii g0 3Be3na. [lokasarenp mBera, M30BITOK IBeTa. TemmepaTypa 3Be3j, IIKaia
3BE3JIHBIX TeMIiepaTyp. CIeKTpbl 3Be3]] U ux kiaccudukamus. J(uarpamma ['eprmmpyHra-
Paccena. Onpenenenue macc 38e3/1. JIBOMHBIE 3BE3/bI.
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4.2.

4.3.

44.

4.5.

4.6.

4.7.

4.8.

[Tepemennsie 3Be3bI U UX K1accudukanus. [ledennpl, 3aBUCHMOCTE TIEPUOA-CBETHMOCTD.
Hogrie 3Be31b1. CBEpXHOBBIE 3BE3/bl, UX THUIIBI U MPUYUHBI B3PHIBOB. POJIb pagnoakTUBHOTO
U3IydeHUs B QOPMUPOBAHUYU KPUBBIX OJIECKa CBEPXHOBBIX.

CoOcTBeHHBIE TBIKESHHS 3BE3[l, JTyUeBBIE CKOPOCTH 3Be3, ABIKeHHEe CONHEYHON CHUCTEMBI
B ['anakTuke.

MneuHbIi TyTh U €T0 CTPOEHUE. 3BE3HBIC CKOIUICHUS. PaccessHHbIE U IIapOBBIE CKOIUICHHUSL.
Mex3Be3gHas cpena. 'anakTuyeckue TYMAaHHOCTH; CBETJIBIE M T€MHbIE. MeK3BE3IHOE
MOIJIOIIIEHHE CBETA.

Teopus ramaktuueckoro BpaiieHus. CnupanbHas cTpykTypa ['anaktuku. CBoiicTBa ra3a B
o0J1akax u MeX00JIaTHOM MPOCTPAHCTBE. THITBI 3BE3THOT'0 HACEICHHS M X KWHEMAaTHKA.
lamakTUKH ¥ WX KJIacCH(HUKAINS, METOBI OIPEIeIICHNS PACCTOSIHUM B MeTararakruke.
Kpacnoe cmemnienue.

PapguoranakTuku, KBa3apbl, aKTUBHBIC sJlpa TallaKTUK. YHHU(UKAIUS aKTUBHBIX SJEP
rajaKTHK.

Cxormienus ranakTuk. Bunumast u ckpeitast macca. ['opsiumnii ra3 B CKOIJICHUSIX TalaKTHK.
Dddext CronsieBa-3enbI0BHYA U ONpeIelIeHre TOCTOsTHHONH Xab0ma.

. Conxeynas cucremMa

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.
5.8.

ComnHie (pa3Mepsl, Macca, CBETUMOCTb, TEMIIepaTypa, crekTp). dorocdepa, xpomocdepa,
COJIHEYHasl KOpoHa (CIeKTp, u3ndeckue ycioBus). Panno- u peHTTeHOBCKOe U3ITyYeHHE
Counana. ConHeunast akTUBHOCTE. COTHEUHBIN BETEp.

3emiis kak IiaHera. ATmocdepa 3emiM, €€ COCTaB, BEPTHKaJbHBIN paspe3. OOuras
LHUPKYJISIUs B aTMocdepe. Bepxuss atmocdepa, noHochepa, axk3ochepa.

[MoBepxHocTh U hopma 3emin. MarHuTHoOe mojie 3eMIiH, 3JIEMEHTHI 3eMHOTO MarHeTH3Ma.
IlonsiTve 0 BHYTpEHHEM CTPOCHUU 3EMIIU.

[InaneTsl 3eMHON TpyNNbl U UX CIYTHUKH. JIyHa: pa3Mepbl, 0OCOOCHHOCTH ABUXECHUS,
CTPOEHHE MOBEPXHOCTH, COCTAB U CTPYKTypa rpyHTa. MepKypuil (IOBEpXHOCTb, BpallCHUE,
atMocdepa).

[Tnaners! 3emHol rpynmel: Mapc u Benepa. CpaBHUTENbHBIN aHANU3 XUMUYECKOTO COCTaBa
atMocdep. Benepa (BpamieHnue, ee armocdepa, 001aqHbIN c0i#, HOHOC(hEpa, MEXaHU3MBI
pazorpeBa). Mapc (ero moBepxXHOCTh, aTmocdepa, moHocdepa). MarHUTHBIE MHOIA U
BHYTPEHHEE CTPOCHUE IUIAHET 36MHOM rpynnsbl. ILmyToH.

[Inanersi-rurantel. FOmuTep. Ctpoenne armocdepbl, AMHAMHKA aTMOchephl, 0OIauHbIN
cioit. Pagnonsnyuenue FOnurepa, MarHuTHOE TOJIe M MarHutocgepa.

CatypH. Ypan. Hentyn. OcHOBBI T€OpUH BHYTPEHHETO CTPOCHHMS IJIAHET-TUTAHTOB.

Marnsie Tena COJTHEYHOW CHCTEMBI: CIYTHHKHM IIJIAaHET, KOJbLA, aCTEPOMJIbI, KOMETHI,
METEOPHTHI, MEXKIUTAHETHASI TbLITb, 30MaKaIbHbII CBET.

. Teoperuueckas actpodusuka

6.1.

6.2.

6.3.

AtomHble ciekTpsl. [Ipupona cnekrpanbabix TepMOB. CIIEKTp aToMa BoAopoa, JIuHu 21
cMm. IIpoctpancTBeHHoe kBaHTOBaHue. CIHH, TOHKas CTpyKTypa. CHEKTp MOJEKYJIb
Bojopoaa. CHexkTpsl IIENOYHbIX MeTauioB. CIEKTpbl aTOMOB M HOHOB C JIBYMS
anekTpoHaMu. BepositHocTH mepexonoB. Cuia ocnuiuistopa, Ko3pQHIMeHTsl DHHIITEHHA.
D¢ dexr 3eemana. Ipdext Llrapka. M3oronnyeckoe cmemenne. CBEpXTOHKAs CTPYKTYpa.
MonekynsapHble CHEKTphl. BpamiaTenbHble W BpallaTelbHO-KOJI€OaTeIbHBIE IOJOCHI.
DJeKkTpoHHBIE CHEKTpPhl. MoJeKyispHas paauocrekTpockonus. M3oromnueckue 3G QGeKTsI.
HNuTencuBHOCTE MMHUN. BpamaTtenpHas TemnepaTypa. Ma3zepHoe U3TydeHHE.

Teopus 3Be3gubIx (oTocdep. HempepoiBHbI criekTp. OCHOBHBIE MOHATHS O TEOPUH
n3nydeHus: (Ko3(p@UUIHUEHTHl TOTJOMIECHUS ¢ H3Iy4YeHUs, pa3judHble MEeXaHU3MBbI
MOTJIONICHHSI B KOHTHHYYME). YpaBHEHHE IepeHoca. DJIMHITOHOBCKOE MPHUOIIKEHHE.
I'umoresa JI.T.P. 3akoH moTeMHeHMs AUCKa 3BE3/bI K Kpato. Bo3OykaeHne U noHU3aIus
aTOMOB B 3BE3JIHBIX arMmocdepax, paccessHUE W HUCTUHHOE TIOTJIOINIeHHEe, CBOOOJHO-
CBOOOJIHBIE NIEPEXO0/Ibl, OTpULATeNbHBIe HOHBI Bogopona. Otkionenus ot JLT.P. (conneunas
KOpOHa, TJIaHeTapHble TYMaHHOCTH). [loHsITHE cepoii aTMocdepsl. Anbbdelo.
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6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

6.10.

OOpazoBaHue JHHHHA TMOTJIOMICHHUS B CIEKTpax 3Be3l. YpaBHEHHE TNepeHoca JUIs
KOHCEPBATUBHOTO cilly4as. Y4YeT UCTUHHOrO MOTJIOLIeHHs. JlonmiepoBckoe yupeHue u
HCTUHHOE 3aTyxanue. D(QPeKThl AaBICHU, YIIMPEHUE JTUHUI BCIEACTBUE CTOIKHOBEHUN
aTOMOB.

OCHOBBI TEOPUH KPUBBIX pocTa. MeToAbl TOCTPOSHUSI KPUBBIX POCTa MO HAOIIOACHUSIM.
TypOyneHnTHple cKOpocTH B aTMocdepax 3Be3/, MOCTOSHHAs 3aTyxaHus. BnusHue Ha
npoduiis TUHUHN BpalleHus 3Be31. Vi3MeHeHrne KOHTYpOB JTMHUK OT LEHTpa K Kpato. Brusiane
YCKOPEHUS CHUITBI TSHKECTH (pa3iudue CIIEeKTPOB TUTAHTOB U KapJIHKOB).

HNoHn3zanus aTOMOB M3IIy4eHHWEM U JJIEKTPOHHBIM yaapoM. OCHOBBI TEOPUH HOHH3AIINH
COJIHEYHOM KOpOHBbI. KopoHalibHbIE JUHUU U UX OTOXJIECTBICHUE. HenmpephIBHBIN CIEKTP
conueunoit kopons! (F u K - KoMIIOHEHTEI).

3amnpenieHHbIe NN B acTpouinke. MexaHn3M CBEUEHHUS TUTaHETAPHBIX TYMaHHOCTEH.
Merton 3aHcTpa ISl OMpENeNieHus] TeMIepaTyp faep IUIaHeTapHBIX TYMaHHOCTEH.
[loBeneHne 6aTEMEPOBCKUX ¥ 3aIMIPELICHHBIX TUHUH B IUTAHETAPHBIX TyMaHHOCTAX. LC i Le
n3iIydeHue u ero 1uddys3us B miIaHETAPHBIX TYMAHHOCTSIX.

OO6macTi MOJIEKYISIPHOTO, aTOMapHOTO, MOHU30BAaHHOTO BOJOPOJA M WX H3IydeHue. Bpems
pekoMOMHAIMK U MeXaHu3Mbl oxJyaxaeHust oomactedi HI u HII. Pagmyc Crpémrpena.
Hecranmonapuocts obnacreit HII.

OCHOBHbIE MEXaHU3Mbl KOCMHUYECKOTO PAAWOU3TyUYCHHS] U OCHOBHBIE XapaKTEPUCTUKU.
TopMoO3HOE U3IydYeHUE, U3YYCHHE ONTUYECKH TOHKOW M ONTUYECKU TOJCTOW IIA3MBI.
CHHXPOHHOE M3JIYYCHUE U MPAKTUYECKOE MPUMEHEHUE K UCTOYHHMKAM. PeKoMOMHAIIMOHHBIC
pamvonuaun. OCHOBBI Pajio CIIEKTPOCKOIMHN MOJIEKYJ, dJIEKTPOHHbBIE, KOJIeOaTeNbHbIE U
BpalllaTesbHble MEPEX0/Ibl, Ma3epHOE U3IIyUEHHUE.

[TonsiTHE O BHYTPEHHEM CTPOCHUM 3BE31l U UX 3BONIOLUU. BHIPOKIEHHBIN 31EKTPOHHBIN ras.
CrtpoeHne 3Be3N TJIaBHOW MOCIIEeNOBaTebHOCTH. KpacHbie THTaHTBI B Oeible KapJIUKH.
OCHOBBI TEOPHUM IBOIIOLMHU 3BE3J] C MOCTOSHHOW Maccoi. CBsI3b TEOPHUH HBOJIOLUHU C
Ha6H}OI[aeMLIMI/I AuarpaMmaMu  «CIICKTP-CBETHUMOCTbB» B PAaCCCIHHBIX HW MAapOBBIX
CKOIJICHHUSIX.

. CrennanbHble BOIPOCH! aCTPO(U3UKU

7.1.

7.2.

7.3.
1.4,

7.5.

7.6.

7.7.

OcraTku BCIBIIIEK CBEPXHOBBIX 3Be3]. Ux kmaccudukauus. KpaboBuaHas TyMaHHOCTh
(criekTp, KOMIIOHEHTHI CBEUCHHSI, OCHOBBI TEOPHH). 3BE3HBIC OCTATKH: HEMTPOHHBIC 3BE3/IbI
u yepHsle nbIpbl. [lynbcapel. Ilpenen ycToOWYMBOCTH HEUTPOHHOW 3BE3/1bI U ONpeIelieHne
Macchl KOMITAKTHOTO OOBEKTa B JIBOWHOW CHCTEME 10 HM3MEPEHUIO JIOIMJIEPOBCKOTO
CMELICHUS CIEKTPAIbHBIX JIMHHUM.

OCHOBBI TEOpPHHM AaKKpelUH Ha HEHTpPOHHBIE 3Be3Abl W uepHbie JbIpbl. Cdepuuecku
CUMMETPHUYHAs U IMCKOoBas akkpeuwus. [lorpaHnuHbIi CiI0H aKKPELMOHHOTO JUCKA U CIIOU
pacTekaHus BEILECTBA IO MMOBEPXHOCTU 3BE3/bl. | Opsiurie KOPOHBI U CHEKTP HM3ITy4YeHUs
AKKPEIMOHHOTO JTUCKA.

PaneeBckoe paccesHue. PaccestHue, noriomnienue u ocyiabaeHne MajabIMU YacTHLAMH.
Mex3Be3qHas cpena. Meroasl UCCIIeJOBaHUS Ta30BOM U MBLIEBOM KOMIIOHEHTHI. MOJIEKYIIbI
B MeX3Be3HOH cpene. Kocmuueckue nyun u MarHuTHbIE o B ["anakTuke.

MexaHu3MBbl PEHTTEHOBCKOTO M raMMa-H3JIy4deHUs (TOPMO3HOE M PEKOMOWHAIIMOHHOE
W3JIy4YeHHE TOpsSYedl ONTHYEeCKH TOHKOW IUIa3Mbl, CHHXPOTPOHHOE H3IIy4YCHHE,
¢bayopecuenuusi, obpatusii KomnroH-a3¢dekr, pacman m-mMe30HOB). Bzammoneictsue
PEHTI€HOBCKOTO HM TaMMa- W3JIy4YeHUs C BEmeCTBOM (MOHU3AlMOHHBIE TOTEPH,
(doTomornonieHue, KOMITOHOBCKOE paccesHue, pokiaeHue nap). KomnroHuszamus u
(dhopMHupoBaHHE CIIEKTPOB KOMITAKTHBIX PEHTI€HOBCKHX HCTOYHUKOB.

Kiaccudukanust  HaOMIOJAIOMUXCS  KOMIAKTHBIX ~ HMCTOYHHKOB ~ KOCMHYECKOTO
PEHTI€HOBCKOTO M TaMMa-U3JydeHHs] (OCTaTKH CBEPXHOBBIX, JBOHHBIE PEHTTC€HOBCKHUE
HCTOYHMKH, OapCTephl, pEHTIT€HOBCKHUE IyJIbCaphl, PEHTT€HOBCKUE TPAaH3UEHTHI U HOBBIE,
KaH/IUJIaThl B YEPHBIE JBIPHI, MSTKHAE TaMMa-TIOBTOPUTENH, MarHeTaphl).

W3oTponHblld  peHTreHOBCKMM W ramma-¢oH. BHeramakruueckue  HCTOYHHKHU
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peHTreHoBckoro m3iydenus. Jmarpamma logN-logS. Kocmuyeckue ramma-BCILIECKH.
[TocnecBedyenns ramma- BeruieckoB. HelitpuaHaas actponomust (CoTHIIE W CBEPXHOBBIE).

7.8. N3yuenme nmputn. K- uznydenne obnacteil 38e31000pa3oBaHusl MOJIEKYJISIPHO TBLIEBBIX
o6irakoB, 30H HII mraneTapHsIX TyMaHHOCTEH M OKOJIO3BE3MHBIX obOoiouek. JAuddysnoe
CBeUYeHHE TUIOCKoCcTU U HeHTpa ['anaktuku. MK-u30bITKH B CIIEKTpax 3Be3]] U aKTUBHBIX
ranakTtuk. UadpakpacHsiii GoH.

7.9. OcHoBBl KOCMOJOTMH. HaOmrogaTenbHbIE OCHOBBI KOCMOJOTHH:  OAHOPOIHOCTH
pacupenelleHus MaTepud B CcaMBIX OOJbIIMX MacimTadax; 3akoH XabOma. Teopus
pacumpsitonieiicss BeceneHHO# (HBIOTOHOBCKME YPAaBHEHHsI JIJIsl OJHOPOAHONW M30TPOIMHON
Bceenennoif, 3aKOH pacIIpeHUs, KPUTHUECKAs IJIOTHOCTH). PPHUIMAHOBCKHE MOJICITH
pacumpsitonieiicss BceneHHo#: KpuBH3HAa 3-X MEPHOrO MPOCTPAHCTBA (3aKPBITHIH,
OTKPBITBIH, TNTIOCKUH MHD).

7.10. Teopus ropsiueii Beenennoil. PennkroBoe m3nyuenue. HayanbHbie 3Tanbl paclIMpeHUs.
ITonsitue o pasnyBarowieiica Beenennoi. IloBeieHue n3aydyeHUsl U BELIECTBA HA PAHHUX
sTanax pacmmpeHus BcenenHoid. PexomOuHamusi BemiecTBa. [ paBuUTanmoHHas
HEYCTOMYMBOCTb. BO3HUKHOBeHHE CTpYKTypbl Bceenennoil. TéMHass matepust u TEMHas
sHeprus. Y cKopeHHoe paciuupenne BeeneHHoi (MeTo bl H3MEpeHHUs ).
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PA3JEJ «®PU3UKA HU3KUX TEMIIEPATYP»

1. XonogunbHble LUKIEI
WneanpHBIl mporiecc OXMKEHHS Ta30B U MHUHHMMallbHasg padoTa oxmkeHws. OKMKeHue
BOzIopoa M renus. OXJaXkJIeHHe MyTeM oTKauku napos *He u *He Metonom pacteopenus *He B
“He. Oxnaxnaenume ¢ wucnons3oBanueM dddekra IlomepaHuyka u aauabaTHYECKOrO
pasMarHnuuBaHuA. TepMOMETpHs IPU HU3KUX TEMIEepaTypax.

2. TepMomuHaMuKa M CTaTUCTUUECKas (QHU3HKA
Pacnipenenennss ['mb6ca, MaxkcBenna, boasinmana. BrTopoe Hauyano TepMOIUHAMUKH.
TepMoguHaMU4eCKHe  MOTEHIWANBI,  COOTHOIIEHWUS  MEXAYy  HMX  NPOU3BOIAHBIMHU.
Tepmoannamudeckue GyHKIMHA HACaTbHOTO Ta3a. TeopeMa paBHOpacupeeieHus] IHEPTUH 10
cTereHs M cBoOonel. YcioBue paBHOBecusi (a3. YpaBaenue Kuaitnepona-Kiaysuyca.
Kputnueckas touka. @a3oBbie Iepexobl BTOPOro poja. MisMeHeHrne CUMMETPUHN U MapamMeTp
nopsaka. Ckauok temnoeMmkoctd. Kputnueckne nnaekcol. Pacnpenenenus bosze u ®epmu.
Temnepatypa BeIpokIeHUS. [IopsIOK BENHUYMHBI TEIIIOEMKOCTH BBIpOKIeHHOrO depMu-rasza.

3. CummMmeTtpusi, KpucTamiorpagus
Kpucramnuueckue cucremsl. Pemetku bpase. OOpatnas penietka, 30Ha bpuniosHa.
Kpucraminueckne CTpyKTypsl IPOCTHIX BellecTB. JKuakue KpucTauibl. MarHUTHas CUMMETPHS.

4. TenmoBble CBOWMCTBA IMAIEKTPUKOB.
Termmoemkocth: 3akoH [lebas, 3akon Hromonra u [Itu. Temneparypa [ebas. 3akoHBI coXxpaHEHHS
SHEPTUU W KBa3UHMITYJIbCca MPH B3aUMOACHCTBHH (OHOHOB. TErIONPOBOIHOCTh AMAICKTPHUKOB.
3aBHCUMOCTB OT TemIepaTypsl. Ponb nporieccos mepedpoca.

5. MarHuTHbIe CBOWCTBA TUIJICKTPUKOB
Atom B marauTHOM moje. Jmamarnerusm. Ilapamarnetusm. 3akon Kriopu. ['amuiasToHHaH
I'efizenOepra. MarautoynopsinoueHasie BemectBa. Deppomarnernku. 3akoH Kropu-Beticca.
Antudeppomarnetuku.  [lpojonpHass ©W  TomepeyHas  BOCHPUUMYMBOCTE  ADM.
depprMarHeTuk. MarHeTuky B cIa0bIX U CHJIBHBIX MarHUTHBIX MOJsIX. COIMHOBBIE BOJIHBI.
3akoH gucnepcuu ans ¢eppo- U aHTUdeppoMarHeThka. TemmeparypHas 3aBUCHMOCTH
MarHMTHOTO BKJIaJa B TEIJIOEMKOCTh U HAMAarHM4EHHOCTH (eppoOMarHeTvka B MPUOIMKEHUN
TEOpUHU CITUHOBEIX BONH. Pezonancel. IMP, OIIP, ®MP, A®MP. O6racti 9acTOoT pe30HAHCOB.

6. HopmaiibHble MeTalIbl
Mopenb cBOOOIHBIX AJIEKTPOHOB. DHEPTHUs, HMITYJIbC, CKOPOCTh, Temneparypa ®epmu. Bun
3aBUCHUMOCTH SHEPTUU OT KBAa3MHUMITYJIbCa JJIS 3JIEKTPOHOB B MEPUOJUUECKOM I0JI€ PEIIETKH.
3akpbeITble W OTKpbITBIE NoOBepxHOcTH Pepmu. IlnotHocTs coctostHui. KBasnuacTHIbl.
OneMeHTapHble (OPMYJBI IJis MPOBOAMMOCTH M TEIUIONPOBOAHOCTH. JliiMHa cBOOOAHOTO
mpobera 3JMeKTPOHOB. DIIEKTPOH-(DOHOHHBIE CTOJIKHOBEHUS (YCIOBHS COXPAHEHHS SHEPIHH U
nMITyjibca). TemmepaTypHas 3aBHCUMOCTh NPOBOAMMOCTH M TEIJIONPOBOAHOCTH. 3aKOH
Bunemana-®panna. Juamarnerusm Jlangay v mapamaraetusm l[laynu. AHOManbHBIA CKHH-
3¢ dexr. LuxnorpoHHsld pe3oHaHc. KBaHTOBBIE OCHWJUISILMM MarHATHOIO MOMEHTa U
COIIPOTHUBIIEHUS.

7. CBepXIpOBOAHUKHU
U3meHeHne CcBOOOJHOM JHEPruM, SHTPONUH, TEIUIOEMKOCTH IIpH INepexoje MeTaia U3
HOPMAaJIbHOTO COCTOSIHUSI B CBepXmpoBosiiee B MarHUTHOM nosie. Cootnomenuss BKII ms Teu
mien. DJIEKTPOHHBIH SHEPreTHYEeCKUi CIIEKTP BO30OYXKIEHUH B CBEPXIPOBOAHUKE U HOPMAIBHOM
Metayie. CBsizb Mexay mmpuHon 1mend u He mpu T = 0. 3aBUCHMMOCTh TEIUIOEMKOCTH H
TEIJIONPOBOHOCTH CBEPXIPOBOJHUKOB OT Temreparypsl mpu 1<< Tc. J[auHa KOT€peHTHOCTH U
rIyOWHAa TPOHUKHOBEHMA. BpIpakeHWe STHX BEJIMYMH dYepe3 IHPHUHY IIeTH, (EepMUEBCKYIO
CKOpPOCTb, Maccy W IUIOTHOCTb 3JIEKTPOHOB. KBaHTOBaHME MAarHMTHOTO MOTOKa. D(P(eKTh
Hxozedcona. CaepxmpoBoguuku | u |l poma. Kpusble HamaramuuBanusi. CTpyKTypa
CBEPXIIPOBOIHUKOB B CMEIIAHHOM COCTOSTHUH. Buxpu AGpHKOCcOBa.

8. T'enuii-4 u renmii-3.
®asoBas quarpamma ‘He u *He. Duepretudeckuii cekTp cBepxTeKydero *He u kpuruueckas
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ckopocth Jlanmay. TemmepaTypHas 3aBUCHMOCTb (OHOHHOTO M POTOHHOTO BKJaaa B
TernoeMkocTb. TepMoMexanudeckuit 5¢dext. 1-i u 2-if 3Bykn. Buxpu B cBepxTekydem *He.
DepMU-KUIKOCTh: TEMIIEPATypa BBIPOKAEHHS, TEIIOEMKOCTb, BS3KOCTb, TEIIONPOBOAHOCTb.
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PA3JIEJ «®PU3UKA BBICOKUX DHEPTHI»

1. DxcnepuMeHTaIbHBIE METOABI B (DM3UKE BHICOKUX DHEPTHI
1.1. B3aumoeiicTBHe U3IYUYCHUS C BEICCTBOM

1.1.1.

1.1.2.

1.13.

1.1.4.

1.15.

WNonuzanuonssie norepu

Mogaens ®epmu 111 KyJIOHOBCKOI'O B3aUMOJECHCTBHUS 3apsyKEHHOM 4YacTHULBI C
aTOMHBIMH 23nekTpoHamu. CrexTp 3iekTpoHoB otmaun. Popmyna bere-bmoxa.
[onsitue MIP. I'panunusl npumenumoctu. Dddext mnotHocTH. [Imato Depmu.
Orpannuennsle motepu. @uykryanum noTeph. Pacupenenenme Jlannay.
HMoHn3annoHHbIe TOTEPH KaK OCHOBHOM MEXaHU3M JE€TEKTUPOBAHHUS YACTHIL.
UepeHKOBCKOE U MEPEXOIHOE U3ITyUEHHE

UU kak unaTepdepenunonnsiii 3¢ dext. [loporoserit xapakrep YN, Kunemarnueckas
nnaTepnperarus YN, CrexTp, yrimoBoe pacnpenenenne u noispusanus YU, YN kak
4acTh HOHU3ALMOHHBIX OTEPb.

NnoenTrudukarus 9acTUIl TOCPEICTBOM peructparun Y.

[IU ot rpanutsr pazaena cpen. [11 ot donsru u mienu. [1I1 oT peryispHO#A CTPYKTYPHI.
I[N Ontryeckoe u pentrenockoe WM. Hacwimenue 1M xak ¢pynknuum Jlopeni-
(haxropa yactunpl. Uaentudukarus gacTur nocpeactsom perucrpanun PIIN.
MHoOrokpaTHoe paccesiHue.

PesepdpopnoBckoe paccesnue. lloHsTHe paguanMoOHHOW [JIMHBL.  YTIJIOBOE
paclpeneneHue paccestHus.

TopMo3HOE H3TyueHHe U pOKIACHHUE Tap.

TN B mnone sgpa. Jnuna »skpaHupoBku. Kputnueckass sHeprus. Poxnaenue
3JIEKTPOHIIO3UTPOHHBIX Iap -KBAaHTOM B moje sjapa. Popmynsl bere-I'alitiepa.
DJIEKTpOMarHuTHBIN Kackaj. Mogenb kackama. [lpomonbHas Qopma kackaja.
[Mpubnuxenune Poccu. Panuyc Monbep.

JlonoHUTENBHBIE BOIIPOCHI U3ITy4YEHUS U B3aUMOJAEHCTBHS C BEIIECTBOM.
CunxpoTpoHHoe nu3nydeHue. [lornomienne HU3KOPHEPTUUHBIX ~-KBAHTOB BEILIECTBOM:
KOMIITOHOBCKOE paccessHue; ¢potorpdexT; paneeBckoe paccessuue Bzanmozeiicteue
MIOOHOB OY€Hb BBICOKHX IHEPTHH C BellecTBOM. B3anmojelicTBrEe aipOHOB C
BEIIECTBOM, €ro O0I1e XapaKTePUCTUKH. SIepHbIi KacKa.

1.2. JleTeKTopbl YacTUI] ¥ U3TYYCHHUN

1.2.1.

122,

123.

I'a30BBIE AETEKTOPHI YaCTHII.

dusnyeckre MpoLecChl B ra3e: MepBUYHAS M MOJHAS MOHHM3ALMUS; -3JICKTPOHBL; Ipeid
u 1updy3us 3apsHKEHHBIX YacTHUIl; Ta30BOE yCUJIEHUE; Po0oii; (GOTOMOHU3ALNS U
dboTomornonieHune.

WNonmzanmonnass  kamepa. @Dopma  curHana.  MHAyKOWoHHBIH 3¢ dexT.
Hummaapuuecknii nponopuronansHeiil cuerunk. MIIK, K, AT, GEM. Bpems-
npoekimonHas kamepa. dE/AX - uaeHTHGUKAIMS YaCTHIIL.

[TomynpoBOAHUKOBBIE IETEKTOPEI.

30HHAs CTPYKTypa noiynpoBogHuka. CoOCTBEHHass U MPUMECHAs MPOBOAMMOCTD;
HOHU3aUMs; TepMmanu3anus; apeiid; pexomOuHanus. Lllymbl B 1I/IpOBOJHUKE.
Heob6xonumocTs 00eaHeHUS.

Emxocte nepexona. PIN-netexkrop. ®opmuposanue curnana B I1I1/1. Pazpemenue.
Cnextpomerpudeckue u Tpekossie [111/1. BepmmHHbIH geTekTop.
CUMHTWIIISIIMOHHBIE AETEKTOPHI M (POTONPUEMHHUKH.

Bunel u cBOMCTBa CHMHTHIUISITOPOB, OCHOBHBIE XapaKTEPUCTHUKH; MEXaHH3MBI
cuuaTHLIIIH. Db dext bupkca. Koncrpyknuu CJI.

Bakyymubiit @DV, 0cHOBHBIE POLIECCH U XapaKTEPUCTHKH: (OTO- U TEPMO- SMUCCHUS
13 MOJTyIPOBOAHUKOBOTO (POTOKATOA; BTOPUYHAS IMHUCCHS; ONITHYECKAsi U MOHHAS
oOpaTHas cBs3b; 00beMHbIN 3apsal. Lymer DOY

[onynpoBogHUKOBBIE (POTONPUEMHUKU. SYEHUCTHIN TaBUHHBIH (OTOIHOA.
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1.2.4. JleTeKkTOpBI YEPEHKOBCKOTO U MEPEXOAHOTO U3ITY4CHHUS.
UepenkoBckue cueTyuku. [loporoseiii, nuddepeHnnanbHbplii 1 MHOTOKaHAIBHBIH
CUYETUHKH. J[eTeKTOp KoJiel YePEeHKOBCKOI'0 3Ty YeHHUSI.
HetexTopsl nepexonnoro uanydenus (JJHU). PamuaTtop, neTekTupyronye 31eMeHTHI.
1.2.5. KanopumeTpsl U yCTAaHOBKH.
Tunel KaJOpUMETPOB. DJIEKTPOMarHUTHBIN KajmopumeTp. dakTopsl paspenieHus:
dbmykryanmmum  cOopa «3apsga» W BBIOOPKH, YTEYKH, IIyMbl. JIMHEHHOCTS.
PagnanyionHast cTOMKOCTh KajiopuMmeTpa. AJPOHHBIE KaJIOPHUMETPBI: JOMOJHUTENbHBIE
(hakTOpBl D>HEPreTHUEecKOro (M MPOCTPAHCTBEHHOTO) paspemieHus. KoHCTpyKmmu
KaJOpHUMETPOB.
OCHOBHbIE AE€TEKTOPHI U TUIIOBBIE KOMIIOHOBKM YCTaHOBOK B @BD.

JIureparypa

1. K.H. Myxun. DkcniepuMenTanpHas saepHas ¢pusuka. M.: Dueproatomusaat, 1985.

2. HO.K. Axumos. [TomynpoBOIHUKOBBIE NETEKTOPHI B DKCIIEPUMEHTAIbHON (usnke. M.:
Dueproaromusaart, 1989.

3. HO.K. AkumoB ®oToHHBIE MeTONIBI peructpanuu u3nydennid. Jyona: OWUSU, 2006.

4. A.UN. Abpamos, I0.A. Kazauckuii, E.C. MaTtyceBnd. OCHOBBI SKCTIEPUMEHTAIBHBIX METOI0B
simepHoi pusnuku. M.: Dueproaromuzaar, 1985.

5. 10.A. bynaroB u ap. UoHn3annoHable U3MEpeHUs B (PU3WKE BBHICOKMX DHEpPruil. M.:
Oneproaromusaat, 1988.

6. K. KnaitakHexT. [{eTeKTOpBl KOPIMYyCKYISApHBIX M3mydeHui. M.: Mup, 1990.

7. . Dxemmm. YepeHKOBCKOe M3mydeHue u ero npumenenns. M.: MNJL, 1960.

8. Walter Blum,Werner Riegler, Luigi Rolandi. Particle Detection with Drift Chambers. Springer,

2008. e-ISBN: 978-3-540-76684-1.

JlonoiHMTe/IbHAS JINTepaTypa

1.

2.
3.
4.

2.

C. Grupen. Particle Detectors. Cambridge: University Press. 1992.
B.JI. 'un30ypr. Teopetnueckas ¢usuka u acrpodusuka. M.: Hayka, 1981.
JLA. Jlannay, E.M. JIudumu. Dnekrponunamuka cruiomssix cpen (r.\VHI). M.: Hayka, 1982.

A.N. Axuesep, H.®. Illynpra. DnekTpoinHaMuKa BBICOKMX 3HEepruii B BemecTse: M. Hayka,
1993.

CraTUCTHYECKHE U YHCIICHHBIE METO/IbI aHAJIN3a JAHHBIX
2.1. Ucnonk3oBanue texnonoruu ['pug B DB
2.1.1. Xapakrepuctuku U TUNbI [ pua-cucrem
I'pun-pecypcsl 1 BUpTyanbHbIe opranu3anuu. Apxutektypa ['pun. [Ipomexyrounoe
nporpammHoe obecnieuenue. EBponeiickas nadpacrpykrypa ['pun.
2.1.2. Opranuzanus npaktaueckoi padotsr B IPUIL.
3amaausa B ['puna. Tunbl 3amanuii. 3amyck, moirydeHue pe3yiabTaToB. OCHOBHEIC
NpUHIUNBEL  paboTel ¢ gaHHbiMu B ['pua. ITlomstus SURL, TURL, LFN.
Nudopmanuonnas cucrema B ['pu.
2.2. Craructuueckue meroasl B PBD
2.2.1. JloBepuTebHBINH MHTEPBAT U MPEIEIbl JOBEPHSL.
YacroTHbelli moaxon. Ha mpumepe HopMmanbHOro pacnpeneneHus. baiiecoBckuit
moaxon Ha mpumepe pacupenenerusi Ilyaccona c¢ HenyneBeiM (oHOM. Meton
MaKCHUMaJIbHOTO MPaBIonoa00us Ha mpuMepe pacupenenenus [lyaccona.
2.2.2. llpoBepka rumores.
VYyer cucremarudeckux ommubOok. IIpoBepka runore3. CTaTucTHdecKoe MPOTPaMMHOE
obOecrieueHure B 3aa4ax GU3UKHA BHICOKUX SHEPTHH.
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2.3. HeiiponHsle cetn
2.3.1. Heiiponnsie cetu
MaremaTryeckas MoJienb Helipona. OYHKIMN aKTUBALMHM HEMPOHHBIX JIEMEHTOB.
OOyuenue ¢ yauteneMm. [lenpTa-nmpaBuio KOPPEeKTHPOBKH BecoB. OTHOCIOWHBIE U
mHorocnoiasie HC. PacnipocTpanenue curaaiga B MHOTOCIOWHBIX CETSX. AJNTOPUTMBL
00paTHOTO pacpoCcTpaHeHHs OIMHNOOK /i1t 00y4ueHust MEOorociaoHbx HC.
2.4. TlpuknagHoe mporpamMmHoe obecnieuenne B PBD
2.4.1. Cpena nporpammupoBanus ROOT
3aganue u moctpoeHue rpadukoB u QPyHKIUH, padoTa ¢ rpadUYECKUM PEJAKTOPOM,
BBEJCHHE B TEHEPATOPHl CIy4alHBIX uucel. Buabl tuctorpamm: 1D, 2D wu
MpoQHUIbHBIE.
2.4.2. MopaenupoBanue B cpeae ROOT
Meton  momenupoBanus ~ Monte-Kapmo. Kmaccsr  mms paborer ¢ 4-
BekTOopaMu.OCHOBHBIC METO/BI IOJATOHKHU JaHHBIX. MOeIUpOBaHHE paciiaga MuoHa
Ha 2 raMMa kBaHTa. OCHOBHBIE METO/Ibl pa0OTHI C MacCHBaMH AAHHBIX. V3BneueHne
nHpopManuu U3 OOBEKTOB THHA 1 1ree W ux aHanus. MoaenupoBaHue pabOTHI
3JIEKTPOMArHUTHOTO KajiopuMeTpa. [ eHepaTophl COOBITHI Ha MpUMepe reHeparopa
PYTHIA. MogenupoBanue rmporiecca 0OOpa3oBaHUS JIENTOHHOW TMapel B pp
COYJapCHHSX.
2.4.3. Tlpumenenue 0a3 JaHHBIX U UHTEPHET TexHoJoruii B ®BO
basel nanneix Ha npumepe MySQL. OcnoBHble koManasl MySQL. @opmupoBanue
ouepeseil 3anpocoB B 0a3y JaHHBIX. 3HAKOMCTBO C MHTEpHET TexHojormsimu - HTML,
PHP.
2.5. OcHOBHBIE METOIBI PEKOHCTPYKIMH U aHanmmn3a B DBD
2.5.1. OcHOBHBIE METOABI PEKOHCTPYKIIMU U aHaln3a U ¢u3mdeckux mporeccos B DBD.
OCHOBHBIE KOMIIOHGHTHl MOJICJIUPOBaHUS B3auMoAcHCTBUS. OCHOBHBIE THIIBI
reHepaTroB. 3HAKOMCTBO C IPOrpaMMOM MOJENUPOBAHUS JETEKTOPOB U MPOLIECCOB B
Hux GEANT. MeTtojb! onpeneneHus napaMeTpoB 3apsKeHHbBIX dacTUll. OCHOBHBIE
ITOPUTMEI OITpeieIeHus TapamMeTpoB cTpyi. [Ipodnema aBoitHoTO cuéra miIs CcTpyi
1 METOJIbI €€ pelIeHus.
OcnosHbie uaen b-tagging.

Jlutepartypa

1. b. Oxkens. @unocodus C++. IIpakrudeckoe nporpammuposanue. CII6. ITurep, 2004.

2. C. Ilpara. f3bix nporpammupoBanus C++. Mocksa, DiaSoft, 2005.

3. H.Xyacon. Cratuctuka anst ¢pusuko. Mocksa, Mup, 1970.

4. E.broxmnr, K.Kasarn. Knaemaruka snemMeHTapHbeIx yactuil. MockBa, Mup, 1973.

5. http://root.cern.ch

6. C. Ocosckuii; Heiiponnsie cetu mist 06padoTku nHpopmanuu, M: OUHAHCH U CTaTUCTHKA,
2002.

7. B.B. Kpyrnog, "HckycctBennsie HeliponHble cetn”, Tenexom, 2001.

8. G. Cowan, Statistical Data Analysis, Oxford Univ. Press, 1998.

9. R.J.Barlow, Statistics, J. Wiley, 1989.

10. C. buriokoB, H. Kpacaukos, [IpumMeHeHe CTaTHCTHYECKIX METOJIOB JUIsl TOUCKA HOBOM (U3UKH
Ha bosemom A nponnom Komaiinepe, e-Print -- arXiv: 1107.3974 [physics.data- an], 2011.

11. Jacob, Bart; et.al.Introduction to Grid Computing. IBM.
http://www.redbooks.ibm.com/abstracts/sg246778.html?Open

12. GEANT - Detector Description and Simulation Tool
http://wwwasd.web.cern.ch/wwwasd/ geant/

13. Pythia event generator http://root.cern.ch/root/html/tutorials/pythia/index.html
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3. OcHOBBI (QPU3UKHK YCKOpHUTETEH
3.1. IpuHIMITEL PaboOTHl YCKOpHUTENIEH

3HadyeHne YCKOpHUTENeH B (U3MUECKON HAayKe U TEXHOJIOTUH

Knaccudukanust yckoputeneit.[lpumenenne yckopurteneil. Bcerpeunsle mMydkw,
CBETUMOCTb, COBPEMEHHBIE KOJUIaiifepsl. OJIEKTPOHHBIE W HOHHBIE HCTOYHUKHU
3apsKEHHBIX 4YacTul. JIMHelHble YCKOpPUTENIH: BBICOKOBOJIBTHBIE YCKOPUTENIH
IpsSAMOro ACWUCTBUSL, YcKopuTenb Bun ne I'paada, TaHaeMHbIE YCKOPUTENH, KacKaTHbIE
YCKOPHUTENH, JUHEHHbIE HHIYKIHOHHbIE YCKOpUTENIH. L{uKnnueckue yCKOpUTEIH ¢
IIOCTOSIHHOW OpOWTON: OeTaTpoH, CHHXPOTpPOH. LlUKIMYeckwe YCKOPUTENTH C
TIepEeMEHHOH OpOUTOMN: ITUKJIOTPOH, MUKPOTPOH.

Pe3onancHoe yckopeHue

Pe3onaHcHBI NpUHLMIT yCKOpeHUs. JIMHEHHBIE YCKOPUTENIHU 3JIEKTPOHOB, UOHOB
(ycxoputens AnpBapena), RFQ yckoputens, Me3oHHBIE (abpuku. CHHXPOTPOHEI C
COBMEUICHHBIMHU U Pa3[ejIeHHbIMH (QYHKIMSIMH MarHUTHOM CTPYKTYphl. IIpumepst
CHHXPOTPOHOB Ha BBICOKMe dHepruu: Jy6na, bBycrep UDBD, V-70, LHC, YHK,
npoekT Omera B UDBD.

CHHXPOTPOH: YCTPOMCTBO M MPUHLIHUII JECHCTBUS

IMousitue o Qokycuposke. IIpoektHast opOuta (reference orbit). M3menenwue
MAarHATHOTO ITOJIs1, KO3(DPUIIUEHT pactIupeHuss OpOUTHI. Y CKOPEHHE B CHHXPOTPOHE:
MPUHLUI aBTO(a3UPOBKH, CHHXPOHHAS! SHEPTHsl U CUHXPOHHAs (a3a, KpUTHYECKast
3HEPrusl, ypaBHEHUSI CHHXPOTPOHHOI'O ABHKECHHSI, CHHXPOTPOHHBIE KOJIE€OaHHUS.

A.A. Konomenckuii, A.H. Jlebene. Teopust nukmuueckux yckopureneid. M., @usmarrus, 1962.
A.A. Konomenckuil. @u3ndyeckre OCHOBBI METOJOB YCKOPEHHS 3apsiKEHHBIX YaCTHII.
NznarensctBo MockoBckoro yauBepcurera, 1980.

A.H. Jlebenes, A.B. lllanpHoB. OCHOBBI (U3KMKH M TEXHUKH ycKoputeneil. M., DHep-
roaromusaat, 1991.

3.1.1
3.1.2.
3.1.3.
Jlutepartypa
1.
2.
3.
4,

Teopust hyHIaMEHTAIBHBIX B3aUMOCHCTBUN
4.1. KBaHTOBas 3JIEKTPOAUHAMHKA

4.1.1.
41.2.
4.13.
4.1.4.
4.1.5.
4.1.6.
4.1.7.
4.1.8.
419
4.1.10.
4.1.11.

@yHKIUSA PaCIPOCTPAHCHHUS
DNEeKTPOMArHUTHOE TI0JIE
CB00OTHBIE PENSATUBUCTCKHE YACTHIIBI C MACCOM
CB00OOHBIE YACTHULILI CO CIIMHOM 'A
@yukuus ['puHa 351eKTpoHa
MaTtpuyHble 3J€MEHTHl aMIUTUTY]T pacCesHus
BzanmoieiicTBre ¢ OTOHOM DIIEKTPOHA U CKAJSIPHOW YaCTHUIIBI
Paccestnne doToHa anexTpoHOM U ckasipHOH yactuiiedd (KoMnToH-3¢¢exT)
AHHUTHIISAINS 37IEKTPOH-TIO3UTPOHHON Maphl
AHHUTWISIHS CKAJSIPHBIX 9aCTHI]
®opmyna Baiinzekepa-Buibsimca

4.2. Cnabble B3aUMOIECHCTBUS

421
42.2.
4.2.3.
424,
4.2.5.
4.2.6.

CrtpykTypa ciabbIX TOKOB

Pacnayg mroona

JlenToHHBIE pacniaabl aApOHOB

Heiitpansasie K-Me30HBI, pacniazbl ¥ CMEIIUBaHUE
Hapymenne CP-mHBapraHTHOCTH

Pacmagel T-nenronHa
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4.2.7. Pacnagpl o4apOBaHHBIX YaCTHI]

4.2.8. Matpuna cMeIBaHus KBapKOB

4.2.9. KanubpoBouHasi HHBapUAHTHOCTh

4.2.10. CraHgapTHas MOJENb IEKTPOCIA00TO B3aUMOICHCTBUS
42.11. CnoHTaHHOE HapylIeHHE CHMMETPUH

4.2.12.  CaoiicTBa MPOMEKYTOYHBIX O030HOB

4.2.13. CsoiicTBa XUITCOBCKMX 0030HOB

Jureparypa

1. M. Ileckmn, JI. Ilpenep, «BBemenue B KBaHTOBYyI Teopuro mois», Addison-
WesleyPublishingCompany (pycckuii mnepeBoa: Hayuno-uzmarenbckuii 1eHTp «R&C
Dynamics», Mocksa-Wxesck, 2001 1.)

2. B.H. T'puboB, «KBantoBas snekTpoauHamuka», HayuHo-u3gatenbckuii neHtp «R&C
Dynamics», Mockpa-WxeBck, 2001r.

3. P. ®eiinman, «KBaHTOBas 3JEKTPOAMHAMUKAY», U3AATEILCTBO «Mup», Mocksa, 1964 r.

4. JLB. Okyns, «JlentoHsl U kBapku», MockBa, «Haykay, 1981 r.

JlonoiHMTe/IbHAS JINTepaTypa
9. Jx.J. Beépken, C.J. Jlpemn, «PensTuBucrckas KBaHToBas Teopus (B 2X Tomax)», M: Hayka,

5.

1978 r.

BBenenune B (M3HKY BBHICOKHX SHEPTHI
5.1. UYro m kak n3ydaeT GU3MKA BRICOKHX JHEPTUI
Maccsr yactun. Pasmeps! yactun. EctecTBeHHbIe e AMHUIIBI. BUIBI pyHIaMEHTAITBHBIX
B3auMoieiicTBuil. Ceuenne. CBeTUMOCTh. TUNIHYHBIC DKCIIEPUMEHTHI.
KunemaTuka peaxiuii.
I[Toporn  peakmuii. bunapaele peaknmu. [lpeoOpazoBaHust  pacmpeaeeHUH.
JByxuacTuunbsle pacnanbl. TpexdacTUuHble pacnabl. IHKIIO3UBHBIE U 3KCKIIO3UBHBIC
peaKkuuH.
5.2. Teopus paccesHus
Bripaxkenue ammiutyabl paccesHust depe3 (aspl. Ontuueckas Teopema. dopmyna
Bpetita- Burnepa. Jludpakimonnoe paccessaie. baprnoHHbIe 1 ME30HHBIE PE30HAHCHI.
5.3. H3oronuueckas cuMMETpuUs
Anpounbl. SU(2)-cummertpusi. Koapdunmentsr Kinebmra. SU(2)-cummeTpusi B CHIIBHBIX
ciabpix B3aumoeicTeusax. Hapymenue SU(2)-cummerpun.
5.4. PaccesHue 35IeKTPOHOB Ha HYKJIOHAX M sApax
BriBog ¢opmynber Pezepdopna. @opmpakrop. @opmynsr Mémnrepa u Posentumara.
®opMpakTOpbl HYKIOHOB.
5.5.  JKectkue nporeccsr (1)
e+e- B agponsl. [lonHoe ceuenune. Ctpyu. LBer.
5.6. Cucremaruka apoHOB
KsapkoBast mozxens, SU(3)f -cummerpusi, 1Ber.
MesMownsl, 6apHOHBI, TSKEIBIMKBAPKOHUH.
5.7.  XKecrtkue mporecchi(2)
I'my6oko-neynpyroe B3aumozeiicteue. Kunemaruka. Ckeitnunr. IlaproHnas moaens.
5.8. JlMckpeTHBIE CUMMETPHH
P, C, T -cummetpun. ToxkaecTBeHHOCTh yacTULl. CBA3b CIIMHA U CTaTUCTHKU
5.9. VYpasuenue /[lupaka. BonHoBas QpyHKIMS 4acTHIl cO cTMHOM Y. YacTUIbl ¥ aHTHYACTULBI
5.10. CnaOsle B3auMOAEHCTBUS
Pacnager nentonoB. Hapymenue P-uetHocTu. B3aumoneiictBue Tok*Tok. depmueBckas
KOHCTaHTa. Pacniazel aipoHOB. YHUBEPCAIBHOCTD CIa00Tr0 B3aUMOICHCTBHS.
5.11. CwmemuBaHHe KBapKOB
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5.12.

5.13.

5.14.

Marpuna cmemmBaHus kBapkoB. Hapymenue CP-uetHocTH. OKCHEpUMEHTHI IO
HCCIIEAOBAHMIO PACTIaJ0B TSIKEIBIX KBAPKOB.

Hetitpuno

Maccel HelTpuHO. JlupakoBckue M MalOpaHOBCKHME HEeHWTpuHO. B3aunmoneincTBue
HEUTpHUHO ¢ BemecTBOM. OCHUIIIALNH.

[IpomexyTodnbsie OO30HBI

Poxnenne mpoMexyTOUHBIX OO30HOB B aJpPOHHBIX B3aMMOJAEHCTBHIX. Poxnenue Z-
0030HOB B e+e- B3aUMOJEHCTBUAX. Macchl, IIUPUHBI, BEPOSITHOCTH PACIIaIOB.
CeenieHus 0 CTaHAAPTHON MOZIENTH

IIpobnemsr moaenn @epmu. KannOpoBodHble TeOpuH. XUTTCOBCKast Moaelb. CBoiiCcTBa
XUTTCOBCKOTO 0030Ha.

Jurepatypa

ak~owbdE

J. Tepkunc. BBenenue B pu3nKy BEICOKUX dHEPruil. JHeproarommusaat, 1991.
®. Knoys. Ksapku u napronst. M.: Mup, 1988.

®. Xenzen, A.Maptun. Kpapku u nentonsl. Mocksa, Mup, 1987.

JL.B. Oxynb, Jlentonsl u kBapku, Hayka,M., 1981.

JI.B. Oxynb. ®u3suka sneMeHTapHbIX Yactuil. M.: Hayka, 1988.

6. denomenonorus B @PBD
6.1. DIEKTPOMArHUTHBIC B3aUMOJICUCTBUS
6.1.1. Beicime nopsiaku B KO/ JIsmOoBckuii ciapur. Bkiiag aapoHOB B de. AHOMAaJIbHBIN

MarHUTHBIM MOMEHT MIOOHA. HSMepeHI/Ie aHOMAJIBHOI'0O MarHuTHOIO MOMCHTA MIOOHa

6.1.2. DJIeKTPOMArHUTHBIC CBOWCTBA aapOoHOB. OTHOCHTEIbHBIC MHUPHHBI pacmanos V—>II

B KBapKoBOH Mojenu OTHOCHUTENbHBIE IIMPHHBI pacnianoB V—PY B kBapKoBoii
Mozenu Moieias JOMUHAHTHOCTH BEKTOPHBIX Me30HOB. Peakunu ITpumakosa.
[IpubnmxeHne SKBUBaICHTHBIX (DOTOHOB

6.1.3. DKCIepUMEHTHI 0 MU3MEPEHMI0 KBAaHTOBBIX YKcel alpoHoB [IpocTpaHcTBeHHAs

4yeTHOCTh nMUoHa. CriuH nuoHa. C-uyeTHOCTh NMHUOHA. [IpuMepsl pa3penieHHbIX U
3ampenieHHbIX (TT0/IaBJICHHBIX) PeaKui

6.1.4. DxcnepumenTsl 1o nposepke C, P, T uaBapuantHoctu. Kak npeobpasyrorces

pasnuunbie BenuuuHbl pu P u T unBepcusax CpaBHEHUE CEUCHHM NMPSIMBIX H
oOpatHbIX peakiuii Habmonenne HecoxpaHeHus P-dyeTHOCTH B ci1a0Obix
B3auMoieicTBUAX KOMOMHUPOBaHHASI YETHOCTh

6.1.5. M3MepeHue 31eKTPHUYECKOro AUIOJIBHOTO MOMEHTa HEMTpOHa
6.2. CriibHBIE B3aUMOJEHCTBUSI
6.2.1. Jlarpamwkuan KX]I JlokanpHoe mpeobpaszoBanue SU(3)c Bocemb 6e3maccoBbix

rrooHoB. CamoelicTre riooHoB. HeabeneBocts. Jlarpamknan KX/]

6.2.2. AcumnroTuyeckas cBo0oja, KoH(MaliHMEeHT. DBoJoIuUsA as ¢ 2. ACUMTOTHYECKAs

cBoOoa. KondaitameHT

6.2.3. Monenu aaponoB. IloteHimansHass mMojaesib. Mojenb MemkoB. TpyOku. Tsokenbrid

KBapKOHUI

6.2.4. DK30THUYECKUE AIPOHBI

Kakue cocTosiHUS MOT'YT peain30BLIBATHCS B HEPEISTUBUCTCKOM MOJIeNH. [ TF000IThI.
I'uOpuaabie Me30HBI M OapHOHBI. MHOTOKBapKOBBIE COCTOSIHUS. [leHTakBapKOBBIC
O6apuonsl. Coctosiaus X, Y, Z.

6.2.5. Kupanpnas cummerpust, maccel kBapkoB. Kupanphas cummerpust SU(2)L x SU(2)r.

[Tnon xak mncesmoronacToyHoBckuid 6030H. Kupansnas cummerpust SU3)L x SU3)r.
Macch! U 1 d - KBapKOB

6.2.6. Ctpynu

daxTopuzanys )KECTKUX U MATKUX mporeccoB. OOHapyKeHHE CTPYH B SKCIEPUMEHTaX
Ha ete- KoJUaiaepax. AJIropuTMbI BbIIeNIeHUs cTpyii (KoHyc, Kt...). XapakrepucTuku
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6.2.7.

6.2.8.

6.2.9.

cTpyi. MeToabl KaluOpOBKH YHEPTUH CTPYH.

MHOXeCTBEHHBIE TPOLIECCHI

BrictpoTa u nceBaoObicTpoTa. JlecTHrYHAs MoAeb. OparMeHTaus U PEKOMOMHAITHSL.
IIpaBuna cuera s MPOLIECCOB C MAIBbIMHU Pt.

Pemxuctuka

JlucriepcuOHHBIE  COOTHOIIEHUA. YHHUTApHOCTh. llepekpecTHass CHUMMETPHA.
Huarpamma Uy-®payun. [lomepon. DeHOMEHOJIOTHST OMHAPHBIX PEaKIIHi.
KBapk-rmroonHas mnna3ma. ®azoas pauarpamma. Kputuueckas Ttemmneparypa.
KonnextuBHsie cBOMCTBA

6.3. CrangapTHas MOJICIb

6.3.1.

6.3.2.

6.3.3.

6.3.4.

6.3.5.

6.3.6.

6.3.7.

6.3.8.

6.3.9.

CrpykTypa cna0blX B3aUMOICHCTBUH IPH HHU3KHX DJHEPrUsiX, HECOXPAHCHHE
YEeTHOCTU. BzaumojieiicTBUe TOK-TOK. YHHUBEPCAIbHOCTh 3apsSHKEHHOTO TOKa.
®epMmueBckas koHcTtaHTa. JIleBbie 3apsikeHHble TOKK. HelTpanbHbld TOK. Pacmazg
MIOOHA. DKCIIEPUMEHTHI 110 HCCIIEIOBAHUIO paciiajia MIOOHA.

Pacrrag mnona Yronm Ka6n660. CoxpaneHne BEKTOPHOTO TOKA. DKCIIEPUMEHTHI 110
HCCIIeIOBaHUIO paciaja MUoHa.

P-pacnag melitpona. OOmui B BEKTOPHOTO U aKCHAJbHOTO TOKOB. BektopHbie
tdhopmdakTopsl. AkcnanbHble popMPakTopsl. YacTHUHOE COXpaHEHHE aKCHAIBHOTO
TOKa DKCIIEPUMEHTHI 10 UCCIIEIOBAHUIO paclaia HEUTPOHa.

Pacnanel kaoHoB. HenentoHHsle pacnasl.

Heiitpansabie kaonsl. Ilepexonsr K°<"K°. Pasnocts macc Klu K2 . Ocunmisinuu
crpanHocTu. Mexanu3m ['MIM. Perenepanus.

Hecoxpanenne CP. Pacnmagst K-n+n-. denomenonoruss Hapymenuss CP. CP -
HeWHBapuaHTHBIE 3¢ (PeKThl. DKCIEPUMEHTHI 0 HccienoBaHuio HapymeHus CP-
MHBAapUaHTHOCTH B pacnajax KaoHOB.

T-JICIITOH

Jlentonusle pacnaasl. [lonyanpoHHble pacmaabl. DKCIEPUMEHTHI 10 UCCIIET0BAaHUIO
pacnangoB T-JIENTOHA.

Pacnaner Tsxkenpix kBapkoB Me3oHbl ¢ d ¥ b- kBapkamu. JlenmToHHBIE pacHaibl.
HenenTonnsie pacnaasl. t- KBapk.

Hecoxpanenne CP-ueTHOCTM B pacmajgax TsDKeJdbIX KBapkoB. Matpuma KKM
Usmepenue konctauT V ij. Tpeyroasauk KKM.

6.3.10. HelitpuHHble B3aUMOJCHCTBUSA. B3auMojeHCTBHE HEUTPHUHO C 3JICKTPOHOM.

B3anmonelicTBue HEUTPUHO C HYKJIOHAMH DKCIIEPUMEHTHI 10 TPSIMOMY U3MEPEHUIO
MaccChl HEUTPUHO.

6.3.11. Ocuumnsauun  HelWTpuHo OCHWUIAIMK JJISI CUCTEMbl W3 JABYX HEHTPHUHO.

DKCIIEpUMEHTHI 0 HaONIOJCHUI0 OCHHIUIANHKN. B3amMmozelicTBue ¢ BeIIECTBOM.
OOmuii BUI MaTPHITBI CMEITUBAHUS JJIS1 TPEX HEUTPHUHO.

6.3.12. Jlarpanxuan crangaptHoii moxenu. CoiictBa Z,W. Maccet Wu Z — 0O0O30HOB.

Crnalble 3apsibl HEUTPaIbHBIX TOKOB. Macchl JIEITOHOB M KBaPKOB. DKCIIEPUMEHTHI
o u3mepeHuto napamerpoB W u Z-6030H0B

6.3.13. Cpoiictea H 06o030HOB. OrpaHudeHHuss Ha MacCy XHUITCOBCKoro 0o3oHa. Ponb

XUTTCOBCKOTO 0030Ha TpPH BBICOKHX OJHeprusx. BzammopeiictBue H-0030Ha C
kBapkamu. BzaumopelictBue H-06o30oHa ¢ rimooHamu U (poroHamu. OTKpBITHE
XUTTCOBCKOT0 0030HA.
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